Go ogle 



This is a digital copy of a book Ihal was preserved for generations on libraiy shelves before il was carefully scanned by Google as part of a projecl 
to make Ihe world's books discoverable online. 

It has sm-vived long enough for the copyright (o expire and the book lo enter Ihe public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright lenn has expired. Whether a book is in the public domain may vary country lo country. Public domain books 
are our gateways to Ihe past, representing a wealth of history, culture and knowledge that's often difficult lo discover. 

Maiks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a Iibrai7 and finally to you. 

Usage guidelines 

Google is proud lo partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask Ihat you: 

+ Make noncommercial use offheffics We designed GoogJe Book Search for use by individuals, and we request that you use these files for 
persona] « non -commercial purposes. 

+ Refrain from autorrtated queiying Do not send aulomated queries of any sort to Google's syslem: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of texl is helpful, please contact us. We encourage the 
use of public domain materials for Ihese pur|X)ses and may be able to help. 

+ Maintain aHiibaiion The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring thai what you are doing is legal. Do not assume thai just 
because we believe a book is in Ihe public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can*t offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume thai a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Seareh 

Google*s mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search thi-ough Ihe full text of this book on Ihe web 



at http: / /books ■ google ■ com/ 



► 




f 



Radford's 
Cyclopedia of 

Construction 



Carpentry, Building 



find 



Architecture 



MOPLKS BUI,Oi\G W\TERHL» h^D METHODS AND THi'lJl l-RACTlCAL *P- 

PUCilTIOW TO ALL FORM5 QF COSSTHTCTJOS r\ WDOTi, STi^NF, flRTCK. 

STEEL, AND COKCKrri:: INCLt'OINC ALSO SUCH ^LLltD BR>^■CHE5 

or THE STtLVTl'K.^t, FltLft A5 HEATING AND VEVTlLATrNC^ 

n.l Mill Si;, ELFCTKIC ^VJKIM:. IMl\TI*Jti, CONTHAt'TS. SPkC'l- 

nClTIOSS, ESTIMVTIN';, iTRrCTl'R.lL l>K\t-riNG, ETC- 

Baitd iia th: r/yictlcal Expericnc* of n 

tARCE HT\FI* or EXnEBTS ^V ACTVXL CO\»TRL'CT(OV WORK 



) 



JUiiflrattii 



TWELVE VOLUMES 



V-^ 



THE RADFORD ARCHITECTURAL COMPANY 

CHICAGO, ILL, 




BY 

THE EA[JFOKD AKcniTEl.TDKAL rOMPANS 



Radford's 
Cyclopedia of Construction 



pTporcd uflrffj" th^ .^tipertitiott of 

WILLIAM A. RADFORD 

K'fitfU'iU'Chhj 

PrtsideM of ihe Rid(orJ Archiiectiinl Company, Chicag(.i, III 

Editnr-in-ChieJ of the "American CuTienter ard 

BuiJdiir" iird ihe " Ccrndit Wurlil" 



ALFRED SIUNLV JOHNSON, A. M,. I'U, D. 

Eiiitor in ''h'trgi 

AjEhor r>1 "The NtaicrjaJs iind MamcJiiciure of ConcrttE/^ etc^ 
Fchtp'tIt Editor oi "Currtii! Jlisvory-" Aas(x:iii(c 

of R*fercni:e 



Partial List of Authors and Collaborators 



JOEIX V. BROOKS, M. S- 

Avorlni'' Profrp^or vi r|v]| J^n^liirpiliic. uml AHJnti 1[i'jii[ of 
irtfjinrlFjk-iit ul Civil ting kutt ring, LdWit^Ij af JLMnoE^ 

FTP.^XK n. EJUFOUH, C E. 

Ah'»|!*lalit pHTi'Mut *if Btrucluml EimlncrrlBB. Cnlfvlslly iif flUn- 

PAvni P. MORKTuX, B, a. 

•ft Xrdiag.^^s; 

IVantiuliliii^ Kniilni-i.T ua JlrBllnc: nuiL VrnltliillTiL: 

TiFHi," "i*i"am und lIi'i->V"au'r llvailni! I'lmi'Ls," "rratucal 

ElfVIV KENiaoN, 8. B. 

jlA^LvlJiDt FrvIVHsirr iif Mertann k'ut (rmwlni: and TlvBcrtiiUTfl 

G^ittai*try. MftHUrlinwIEv In4lltiil» ii( T^^l^\Jl^\^fZJ 
AutLior ft n J'rDrrk'Dl T^-xlbr'ub trt Mi:i'hBE]Ii.-al I'l-ovfu^ 



^ 



ALTIIURS AND COL LA BUKA TORS— (Continued J 

LOfir\G H, PPOVIXE, R S, 

Inatruftor tn Ai'ch>ir'E?-ruriil I'^QElribcrlnft Dvpii'impuE of drcbl- 

THOIIAS TAIT, C. E, 

r'onhiililDf IL'kMji^, V<-al11nlLDij, anil ^anltDry ICDKlno-ir 

HK-HAfiD T, DANA 

CoDjalllDE ED|;ln'."'r 

J'lltit Aiii]i4>t A'ltlt lUlEi'Tr I'- fJMMiv «r "Oifr-AnnlyKiA Knel- 

Mi'EhIi'l'I' Ain-TLi^iln Sc<.'i*ly of L'ivll l-llmllii*-rn 

"WlLhlAM A. KADKORD 

l'rL"4idrar. Dip ilddr^rd Archlli^lMNil Comimuir, i.'IiIi:hi$i>, 111, 
tjilMr4n-*^[ik{-r, "■Aiin'ruan ranxTiK'F "fl HqiIat" ami "ivmmt 

Wor\a" 
Aullior vC JVnellci] CnriiunLii," "Tlir WH^i*l S'luurp," p(c, 

GEORGE W, A8I1BY 

ArL-tiIfe.( 

VlCtf'l'TufclJjtaT. TLo lludTf^rG .Api'IiHit'Imi'IiI i'<iniiniMj, i.'M^aip^, III. 

CHARLES W. RADFOIU) 

TrpAHurvr, TJm- Kailfard Arctillt^timl OiLni>Any. Cblca^n^ III 

CHARLK9 IV WARNKH 

l^dlNir "Cvavat Wtttid" und "Fil^iiIitii It*j'cir0." 

BERNAHD L. JOHNfiON, B. S. 

PjIIIop "Amprlan rari)rnir*r and ay[\ia--r" 4iJd "U'OfiiJw*irlnTh u^ 

view"' 
I'^OTinprlj ili'-'bATilml KekIO*--!-, rUiIIUKh I-uiliir L<n.u[mil[vi- A 

L'iT t^omptn}-. Cbk'ngn, Til. 



E, L- HATFIELD 

G«ni>rn] Ztlnrtiigpr. CVm^iit Wtirld Com^inTiy, I'hlmi-iiH TIL 

lEA S, LiEflFt'lTlL A, B. 

SninT^Jsor o( ilflnunl Trarnini". i'la^ l-nrk. Til 

Urmlf'T ndllnrLol UvHrd, ^VcDlei^n Di 4<rlDj( and Mdniml 'J'riiJDiDK 

ludclnrton 
Formerly I'rofn^wnr fjf Mnf bi'QmllL^, r^rii-rku Colli*si' 
AUIbar of "t^Pt^PDLldla uT WtHirln-i>rtlDy" 



AUTHORS AND COLLABORATORS— fCondiuled) 

L"«AH1*ES EDWAlfU I'Al L, S. a 

EDWLX O- GRE[FEXHAG^:^, Fl. S., C. E, 

OfB^ Ko^lu'H^r. Rrldgt- utn\ niMMIUD prhpjirtiupnt, nili'ng'v Mil- 

ALKPRn w, woors 

Invr-nror of "Wixiil'i lu'j in ihc Suit tfijiurj.'" 
Joiai Aulbur ul "Tilt 7fi<;i'l ^ihtarL aitO Itt Um" 

WILLIAM REl'TltKH 

EiLh'il on .M'jiJk?ru Uulldlui! Ui'tbuds 

T. B, ttlDNER 

*ir Rdacjillun. rpiiviti"- ill Xew T^rucHwIck 
Fellov al thv BrUlalx lavlllutti ul Caqvatrf 

r. W, ItATTrBlN. B. S, 
rnii«iilriD£ HnulDPrr 

EDWABD IlLRST BROWX 

liJimr raiDUTis' MaituliH''" 

UHARLKS F\ >fAWSON 

CbUif l>nr(°DiflQ, Till' i:ur]ri>rd Artlilii-rtdnl CDn|jBu>t CJilca)(0, ILL 

L r. HICKS 

Arrblr«rr Jtnct I'tmirrifr^jr 




Bibliography of Construction 

mxo A feWJicrru list or arASUAi!:i woiiKa iovfrivi; vabious poa- 
rtoaa or ruE ciCSEnAL field oy conbtbul'Tiok 



Iti H'IUiWo lo rht' >)i«E Hlnn- iii up-hi-ilHlt; |rrai-(kal in formal ion 
■H-n Uflforo |wljli»Uvl, iIm' i'ilik;ri* hioe cmlnnlicl in iLo rjtl(i|pe<liA 
of r«t[uttru<'tiiHj \\\i- vci*uui iiT ilic HirtliJ'a livdt lj(»ii1uTL' in Ihia fiH'i, 
IcWin^ in ffimti^UhKiJ form ikt !Liil>Hlriui-i> I'f t-vi^ryTtiing c^ontijiJ in 
fbc- rJijwri*iifi' tfT Wiv jUT-l \-i •■[mii\i- hu* uurkpf p*r Ilur pre&ool tn meat 
ftfty jthilphmL likolj' in l>c rm-l rtilli unrkT Nm i-oriLlitmnH of <kT<linJ»rjf 

Kill ftH' iiultiv Ui>Hf'Vrr, nJ llnmr* rtlm mny^ lie inlfTi^^twl in |iiir- 
miinjT furljirr iiiitly Bilcm^ viiriiMiu [«|>itj^I Ikni's, we fiirnlsli ti list of 
iin|»rlHDt ntJrka liiai husr a|>Eii'Jiri.'il I'n^mn^ ^UCr^nfnL porflimx of 

In tliM rfpimi'HHrh, IJn- rrliti»rH iihli 111 ri|rtrss itirir tliacik^ to 
A]Eii'ri''iin inrLinit^Mi-iurrr'^ nuA Arulvrt in (he- mpi-liini;ry nail mnttTinJa 
fpf i-i,nnitui'it'ni. I'f w<*ll ah Ifp [prii|iri''likrB uml jpnti*"T4'i'B uf viirir»Lifl 
Hlpoc'ijtl nirifJinriMiJ ■J'-vM'i'v 'iii«J prnciiUFii'ii, for LuliiuUlc il^En, iJlu^ 
tmliofui amJ 'ugff'XiiuDi, 

Authorities on Construction 

MAXet'lKLU .Ml^:iU*[MA.\, C. K., I'll. D. 

[■rofiMaiir tf ("1*11 rni!lni-flric, Tj'hlnti UTJlvcr^Hy 

r\i>flJi>r Iff -'Kl4^uliafik'N vt MMi-i\h\'^-." "n<^iiLlijJi|ii WhII'^ And Ui|< 

■nnrv liadik;" "Kii^tnriiiii F»r Smiiijiri' I'JiiL^JiifpN'hiL: :" "A 

'IViiii'ki>k "0 U'i'it* uml |[rhU''V 'ic, 

llAUiLliT I'- GlLLKTTii 

Ijtii' <'tLh-r Kdcini'i^F, ^VimUmffifin Fiiiic RHUnviil rnmmUclui 
AiiiUor vt "I liiinllpi^'tk uf L'ljii Liiilu r^^r f.'Hj|iiriii:ripr> nml l^imlaTrrd" 

joir\ «. riuuTWiNK 

AiI11ji>p of "Thcp Civil Kn^nrcr'h l^n^krltinEilr^' 
FRE:iEKJ* K W. TAVUJK, -M, K-, flii*l SAiSFOirb K. TSIOMPSON, 

Aiitli.-rp fif "A Tr^'JllI"' hd Cinn-rHr, I'JuLn nml Ili'lnrpirctO"' 

FHEDEHK-K R TUhNKAUlfi:, U K., D^ Kj.*-. 

fp'iin uf foUi'ic* tyf I'xfiirlu^kirtnic. Tnlpi^rpliv itr U'lufonnln 
Jiilni ,\iilhi»r of ■■|'il«ul|i|"'^ uf -Ip-lufuuvif i.'<iui:i>'Ti: l^iJlsirncLkun :' 
■'Thi'iipy mill IViriii'ii c.f MolI.-mi l'>niniiil SiriJL'iure^/' vtt. 

J!:nWAUIl OODKI'fKV 

arrii'Tiiiiil EuKluiTT titt Rnbrrt TV. iTimi A Cn 

Aniriuir or "Hri-iirliii-Hl EDHtD'^iplD^" ilt"4>k I "Tnhli^t ;" Baitlc 

A. I'SEeCOTT FOLWELL 

Rrlrirrr "M-inlclpil Joiii<iiii1 «ni^ I'^n^lu^r" 



AUTHURITJES OX CONSTRUCTION 

ISA a BAKKR, *, R. 

ALiilMir itt "A Tri'iir|>.f' iin Mh^jUI-v Cuii^JinicMcin ,"' "RniiLs and 

KHANK 1^- KIIU>EI^ C. H., Ph. U, 

Aurtior nt "Avriiiipcr'« and Diiiifh-i^^ r^v-iii'i^ik ;" ^'isiiiiciicie i:oa- 

CIIAKI^S SVAX KOWLEK. <., {^. 

FKKD T, IJOlXiSON, Am.'HITKr.T 

ALflh^pr «t "Mnik-rii riir]t?bti-v ;" "HulldnT and (^oaimcEnr'n Guide, 



HEXRT R. TOWNE 

HO'OY X, (XiDEX, C. E, 

Aulhor ol "Hvvfr Cunairuiliou"' 
CHARLES E- GREEXE, A. M.» t\ E- 

Aiiin^ki- vi 'IriitisiT* aail An-h**," "SlriK-liiiJil Mii'linnk-s," vie. 
WILUAil IL DIRKMIEE, C. E. 

AmMiat nf "I'Uanlni: nnfl ('nnnlTilflTtin fiT Tllifb I'lUlri- BulldEaB^:" 
"Aiiliii<'i I iM'A^ h'Hin rind r^ii'cl. Hrifl Uk A]i|ili<al imi lu Ilie 
i nn^iniriinn uf IlMilcllnii'j ;" --I'^iinri'iLiud Itlv-'li'd i Ur'Ji.^JS ;" 
"fSkfh't'iii i.'t:)n^U'gi:iloii In UnllLlEiii^a," crc. 

FRANK W. SKINXER 

JAAfKfl J, LAWLER 

AnUi^r nf "^irricrn Plumblna. Hrfsm stur HoMVurrr npailiw" 

WTLLTAM n. ra'pij, C. E. 

Inir :" -h'tn^ An 
Mi'IdIIIe' Rrldtii-ir 

irOMEK A. REIT) 

AB'blnnr KubIiif'T, rtiironn nf IIhIIiUqih. SVw York Hi;* 
AulFiur ■>r ^-1 oncivli^ iiml Ni^kiilurf'Pd lonot-cip t'oiislrnt'lLltD'' 



AiiTli'T iif "i:fn^Hili> null [ie«|i"*aDiv of ilii- Mnlrrlnlrt i»l Kiiulimr- 
IniT : ■ Urtui Anilinr of ■'Th* U-steii oinl roti-'tPiifilrHi nT 



J, 3. JOIINeON. * . E- 

AHth4F ot "Mnf<<rEB]v of rnn«rrijrfliin r '^Rn^Fn^Tln^ CnnmictR ttnd 
Binflrtrniion* ;" Ji»lnt AiiOni- of -'Th'-t-ry ntjd Pr«tH« to live 
Hi-r^lunhTiu or Modern Frnmcd ^triiftiin?:!" 



AVTHORITIES OK CONSTRUCTION 

Aulliut ft "flluidrrt nbU aJiiidii*di" -JJudi-ra retwrcllve/" vln. 
JOHN r.-A?^SAN WAIT, i[. L'. j-;., LL. ti. 

riTHivily AsiIwihtk l-rnff^tuji- or KnulncTrin!, lisrvarrt I iiir<*nur 
,ViilU(»r lit "tvUfflurvrlnK anU ArdiUi-c-luiul .tiirlT'iPrL»il,'iiiH' ■" "Tbe 
tflv* of k'»pu(rin:1&/' t-u- 

T, ii, (.LAlik- 

ClARENrE A. MAEfTIV 

Junior uT 'U'lmiH or BuJiainu t\*nsiriu'iloD" 
CUAEi-i;8 II. 8N0W 

Ih-nii nf Si-lm-ir (If A|ipl)i><1 SrlcniN*. yrve Ycu'k [ 'iiU'Pi'sHy 
Auilioi- >-r "Thn' I'rlnvlj/ul Simii'd -ft Wuoa, Tln:lr OUutHcrt^dHllc 
rri*jw"li'V 

GAETA>0 LANZA, 8. B., V. E. 

lud ApiiUtil 

A- W. BCEL _\ND C. S. HfLL 

Aulhor* of "nf1nfori:pd Cunci^ie" 

NEWTON IIAKBESUA, K. K. 

.lurliur uf "Elecirl^ WLrlng, Dlmrroms and S* lifbl>oirds" 

EViiKKTT U. CROSBY aaJ HtlXKY A. nuKK 

Auttior*t of "[InniiiHVil; i>I Rre Proiifilon (irt linrnnrpd Klst" 



Ili'iil iif |>L'iiurliiji'Dt *)f ITi'cliniiliur EnElpi.'f rtim 



OEUKCiL' l:, TUA( KHAV, C. E. 

Mthi 1^(11 til h'nfflnpi'r, CninhrlH Hriipl To. 

AiUliur uT "lljiudtiutilf uf lttJpjL--iid1]irtL IMilJiifi in fifruclurqL Ql«el*' 

ALPHA I'JERt E JA:inMOX, ^f. E. 

vXHfl^liml ['ntri'snm cif McrEiHUli-iil E'ru^lni:. I'Hrdue T'lilvcr^Uj 
AUTlmr 'tr "MN-ni-'ni' nT \'ivi'\\i\iAis\\ lii'a ivlii^ /' ".Vil\]iii4iii1 llii'liaD- 
lifll llrflWMiB." ilt- 

RL'SSELL STUfiOJS 

AnlliDr nt "A l:il'*Ullilr,v nf ATcliUrH|?lifrdi nml Hultriliis:" "irnw 
111 Jiiilf:*' AiL'hilL'E'liiir," e\t^. 

A. D. F. IJAMLIX, A- ^l. 

PpciA'-ssoI' nf thr lllHrory of Ari"lilTi?pIiiri'. CnliiiHtilri rulvpriltf, 

>nr torn 
Xu\bvr fti "A ■I'l'Kii^iJHt uf liiv tlki"ry i^T Arcmwttnrp 

HOLLA L\ CARPENTER, M, S., L\ K., 11, M. E, 
AutUor uf llfufkbu nml ^pmilttiui; liuiIilinfiK" 




AUTHURITIES ON COKSTRUCTION 



I, J. COStiKOVa 

Aulbor of "[ViDetplen and TTficlIco of riLimlila?" 

WILIJA-M P.W'L GKRIL-Vltn. r. E, 

Aufbnr it "A rlnlrff fi, Jfaaltarr Tlouap-Tnajwi'don ;" "SanltBlleii of 
I'pbJic ItuitdLn^fi,'^ etc. 



FSAXK O. DUyUUB, C. K, 



nil- 



ABiifiiEBni r>TarPqwr at STNicluriL Eng\ae''ruie. Calwisilty of 

DC lb 

Aurlior vt "KrIdEL' f^nnJiiLvriDE — lltjof Trnfisea" 

m H. CAJIPBKLL 

AmboT ot "UnDufKi^tun' and I'l'oiiprtH^ of Mmctural StPE^P 
IRA B. GRIFFITH. A. li. 

SnDiTVUor of Mimiia] TrAluluK, Oitk ['ark, jll. 
Autbfir of " LiiHi'ii ilaJv af Wui/dvorklus" 

WltXJAAI J. JJALiJWl.\' 

Autbur of "ftt^Hin It»>allDic Ttrr BuMdla^B" 

CUFrOItll nVKK JKULEY. M, S.. VK D., a».\ E. F. LADD, B, W. 
Aiiilfom of "AdBltBta of ^tiiHl rilurn. Tiilnt PIbxp^^cis. Bi)d Tar- 

JAMES H. ilONTKTOX 

Aiiiiior of '-Sim It Building" 

HARMOX noWARD RICE 

Akifhor of '^CoacrvtF-DLock MoEmfBtlun.' : Proct^ses iQd ^AE'bJnra" 

H, G, RKHEY 

Bll|HTlii[«-ad''D( n( <-''JllMlt\':l\-.-\iu V i^^ I'ulilk^ UHildlnKS 

Auilmr lyT "A Hajullmirlt fi'i- Hip|H.-nh1i>ndHilH rjT n-iii-irrii-ltoD, Vfl-UI' 

31i>cbaali''tP KeDdy Uwen-n^'e" 

J. A. L WADDKLL, C. K., U. A.-., LL, U. 

Amlicr of "Dp Poutlhiit :" "RTHTifli'mioiifl and I'ontrai'ts/' etc. 

n. M, SiTAPnCCK 

Aurhor uf '^Mod^rn Plumbing llluMraiK]" 

SVDVEV F. WALKElf. ^l. I. E, E, 

EBXEST .Mi-LTLLOUGII, C. E. 

AiithLip of "Thi- Etitln^i^ nf CanirBctlng;" "Ri^laforeed CflBcwte," 

OEORGK D, ARilSTROXO 

AiirFinr of "i/i'i-ltnii-flla nf Tiilrillnc" 




ELa'J't;oTii'i: i^iLiNC annnDOH, rut: radkohd AimiiTKuTUiiAL com-i 

PANY. CHICAGO. ILL. 



Preface 



T[(l^ liuiMiQ^ Tiuluatrj, ia Us various brandii'S, is more 
cloMitv iilontilii'd flmn niiv other with tht- tii^jvvolous 
t'Q^iiittJtiiijj j»ni;^io?p (jf llie priSL'iit ikv ami \hv uiiU>UI 
fn>£tibi lilies of the fiilwrc- To put oil clatsee of workers in 
frtniilinr tomli with modern ir^ytJinds c*i eoDatruction anJ ll^ti 
lHlL-«t u(h-dui4-s in litis gn-,i\ lU'liI, and to hiin^ Id tlii'iii In n 
frtrm cflfiilv iuflilflhlt for prflrtkal use tlie bw^t fruils of the 
lii*:hfM li^iihniriil triiininp nud arhiovemcnl:. i? the j^orvit-e 
nhich the t'\CLori:D[A ov Cosstiil'ctics aims \o rondcr. 

The work is pre-eminently n product of prdotical c.xperi* 
cntw, fleei^fittl for pradicfll worK-r&, It ia bacwU ou tht- ulua 
that even in Hit Inr^vr prubk'ma of cnsintvrin;: con^lruiljon. 
it i^ not miw ULtvLrtJiAry lor Lhu or<]iDiiry worker m loiicrfU", 
or flleel, or anr otlier fovm of msitt>riflU \c attempt tlu? 
inipnii'tinihU' tnsk of i-sploring hII Hie liighwnyf* uufl hywavs 
ivhtH' Kit' Iraiui'd tnjjLiitvr ar k't'liDiriil <\\|H'rl ISiid^ luniM'lf 
rOi hortif. The tlicories have been wcrked out; the ti^ats and 
,coli;iLla!ioiw have bcon mndc; observations hnvt k-en recorded 
in ihriwf^hih of icfUriK'tjf^ of ac'liml t^oui^trm-tion ; nnd iUiy 
U'^ults thus awumulat^-'d form ii vast trt^CsUri? of labor-s:u-ing 
iiifnrTnnlPon whirh i^ uou nvjii!iibli' in tfit» >bapr nf prjiiiuai 
i^ofkJii^' niliy, tiihleK ini*lrur[ion,s, ctu., lovi'riug every phnse 
iuf every coufiU'utliou pmbk-ni UkL-ly to bu met with in 
onljnan' e^in-'rit-'ntv. Tlii:- i? prrlm|ir^ mnj^t npjmre.il iu the 
pcctiuns on <\-Tttfnt arui Canrn't,- i'uiiHirn'iiun, Flam mid 
HrhiforrfiL Tfi liii'; subject, on nccouni of ite Bupreim? i?n[j<ir- 
fjiliiT UA a sinirlarai farbtr of ibe |iriseiit iljij, tliR'e t-ulin* 
^■olumrs mv cU-xoted. t'liiliodyinj,' Hip frc-UHi of all tlit: \alL»ihk" 
infurmiitiiV: whiib cu<rincer5 have ^'atlien'd up U} datu. Murh 
of thi? pradiciil luforioaliriii now piv^i^utcd in thi? C'yi-h)fn'diit, 
lias novn- iK'fon' li^mi |jii bl irJhed in any fonn. By its us^* 
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anyone U enabW xa tnkf? fltivantdg'j of tho vast labors of 
otlitTtf, Miiil to brinj? tn Uvir iitL iiiij |»roblfrn t^i in fronting hini 
tin- rt^suUs iji tlic nidesl L^^[>^irk'nco mid il^u lii;;lit;st >kili, 

TLf keynote of tiie Cyclopedia La found in t!ie emphasis 
ronpt«nt!y Inid on the practical us disiinsuishcti from the 
throi^-tirtil IWtii of tiontincnt, in its iol*il aviiidaiifc' nt tli*.' 
f'Dnii)!]^^^:^ fonnnljip of hi^^b-r iiintlkeitiQtk'F=, uiiil in its reUuc-- 
Liiin at nil ti?clink'nl htiJjjlH*? tn term^ of tlip simplest nnii 
'('h';ir('Sil Rn^lisli, TiinnijElioitt llu* im^^e'^ drvileil to Steel 
ConsliTuelioQ, fnr example, (ht [Jirtthciiintk> of lUc &ubjw.'t 
have Wn eliminatcil lo ainli nn cjitcnt llirti ihf reaiicr will 
ntii find a axtigU instance \tht'Ti: even a square root ;nffn htu 
bfi'n naetl. 

Tn sddUion to the larger prol>Iemp of tmgintering and 
hiiihlin^ i-Hn^'tnietion, one* enlire volume, as well ns iuhdv 
(.'hflptti? scatlci-ed tliroiijih tlie work", is <.lc\otcd to those 
iT^t nailer conetruL-tioTia thflt nrc of special intortst to the 
teaelicr or etuJent of piiinuaj tra.ining or the liome shop 
worker of a neclinnical turn uf miotl. 

Inaamiich as a wider knowledge and a moro intelUgcnl 
grasp of the fundamental principles of ctinstrui'liuu and 
design will lenil to greater dliciency on tbe part of workiiig- 
nie:i. and to greater ('conomy in production, the pur|>o5t of 
t[ie CvctorETJiA OF Cokstbictiok is one 'vliich wiJI appeal 
>^<riiiii;ly. not only to tlif' men thcm-sph'p&, but ol^o to Iho 
iirchiti^etitral and engintt'ring fraternity as a whole. 

Tile Jtuthors of the varinus sections are all mi*D of wide 
BXpHrieiMv wliosp remgnized standing is a gnarajiTee of 
reliability nnd practical llioroUi^liness. 
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Heating and Ventilation 



The health and comfort — and, we might also 
say, the peace of mmd— of the inmates ol" a 
building, depend to a very large extent ou the 
adoption of a proper system for heating and 
ventilating the straeturc. This is true of the 
small house as well as of the large, of the sky- 
scraper as well as the bungalow, and of the con- 
crete house a& well as that huilt of stone or 
brick or wood or other structural material. An 
eCBcieut and economieal installation for warm- 
ing the structure equably, and at the same time 
keeping it constantly furnished with an ade- 
quate supply of fresh air — for these two func- 
tions are very closely related — is a matter of 
vital importance. Every bomc-builder and 
home-ownez% everyone engaged in or interested 
in huilding construction, should understand at 
least the elementary principles involved in the 
selection and mechanical installation of a good 
heating and ventilating system. 

Historical Sketch. Probably no part of the 
construction of the modern residence or busi- 
ness building has been subj ected to more 
changes and improvements — particularly dur- 
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ing the last decade — than have the methods in- 
volved in its heating and ventilation. 

From the time of the braziers of the ancient 
Eoroans, in which carefully dried wood was 
burned, to the date of the old Franklin stove 
(1844), a period of many centuries, improve- 
ments in heating methods were few, consisting 
mainly in the installation of various types of 
open fireplaces. The first attempts at chimney 
building of which we have record, appear to 
have been made by the Venetians in 1344, and 
the open fireplace doubtless followed soon after. 
With the discovery and use of coal as fuel, 
came the necessity for the provision of some 
form of appliance in which this material could 
be burned properly; and the period immediately 
following might accordingly be designated as 
the "era of stoves/' This period was succeeded 
by the advent of the early type of warm-air 
furnace — another improvement which was the 
direct result of necessity. As towns and cities 
sprang up and developed in accordance with the 
natural growth of the country, property values 
advanced and buildings of increasing propor- 
tions were erected. The problem necessarily 
arose, of how to give proper attention to the 
large nmnber of stoves required for heating 
these larger buildings. The attempt to solve 
this problem led to the adoption of an appliance 
which afforded a centralizing of the fire in one 
place; and the first furnace — merely a large 
bricked-in stove — was the result. 
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The latter half uf the uint^teeuth century 
witnessed the gt-neral iidoptioii of steam and 
hot-water apparatus as a medium for convey- 
ing heat to all parts of a building; and aloug 
this line improvement followed improvement so 
rapidly that, with tJie beginning of the twentieth 
centmy, we were ahle to heat any structure to 
any stated degree of temperature regardless of 
weather conditions, and at the same time were 
able to change the air within the same building 
as many times per hour as necessity required. 
In other words, the principles in the heating 
and ventilating of buildings had been reduced 
to an exact seieuce, and their practical applica- 
tion in tho installation of such systems to an art 

In the following pages we shall treat of 
modem heating ant! ventilating apparatus, aim- 
ing to acquaint our readers with up-to-date 
methods in vogue for providing a proper and 
sufficient supply of heat and fresh air to our 
homes. 



^ 




Modern Heating Apparatus 

Modera heating apparatus may be divided 
into three principal classes: ^ (1) Hot-Air; 
(2) Steam; (3) Hot- Water, with several adapta- 
tions of the two latter divisions. To these may 
rightly be added the later types of apparatus 
belonging to systems of heating known as the 
"vapor," '* vacuum," and *' vacuo- vapor" sj's- 
tems, and the several accelerated systems of hot- 
water heating. 

Time was, and that not so long ago, when 
the builder gave little or no attention to the 
proper heating of a structure until every other 
part of it had been provided for. Now, how- 
ever, the question '*How shall I heat the bxiild- 
ing?" or "What type of apparatus shall I usel" 
is considered along with those relating to the 
other features that enter into the construction 
of the building, and the heating plant is ar- 
ranged for as soon as the building plans are 
matured- 

Of the three principal modem methods, hot 
air is the easiest and cheapest to install. Next 
in order is the steam-heating apparatus, with 
the hot-water heating system following last; 
and the degree of general efficiency derived from 
the three — considering results obtained, cost of 
fuel required, and length of service with free- 
dom from repairs — can be truly regarded as 
being also in the order named. 

4 
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The average life of a hot-air furnace is from 
eight to twelve years; of a steam heating appai'- 
atus (cast-ii'on boiler), from twenty to twenty- 
live years; and of a hot- water heating apparatus 
(cast-iron heater), thii'ty years or more. Dur- 
ing the periods named, the hot-aii" furnace is 
most efficient the tirst four or five years, after 
which limit it deteriorates rapidly in the efB- 
cieney of the service rendered, invariably 
requiring considerably more fuel and giving 
proportionately less satisfactory results. The 
efficiency of service produced by the steam or 
the hot-water apparatus does not alter with 
time; and, when kept clean and in condition, 
these types of beating plant do not require an 
additional amount of fuel from year to year- 

A question quite frequently asked is: What 
dilTerence, if any, is there in the fuel cousump- 
tiou of either system? Assuming that a certain 
building will require fifteen tons of anthracite 
coal to heat it with hot air, it has been proven 
that the same results may be obtained with a 
steam heating appai-atus from twelve tons of 
fuel, or with a hot- water heating apparatus from 
ten tons of fuel — a saving, in the latter instance, 
of one-third of the amount of fuel required by 
the hot-air furnace to aceompUeh the same 
Htrvice* 

It should be borne in mind that the char* 
acterof the installation of either system of heat- 
ing has much to do with its efficiency and its 
i^onomical operation, and the comparisons 
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above given are computed on the basis that 
each type of apparatus is properly installed* 

Hot-air furnaces can be installed in build- 
ings which are not severely exposed to prevail- 
ing winds, and will give a sufficient quantity of 
heat to insure satisfactory service. There is 
no building, however, regardless of the extent 
of its exposure, which cannot be satisfactorily 
heated with either steam or hot water. And 
yet, if too small an amount of radiation be pro- 
vided, or if the radiation, though of sufficient 
quantity, be improperly placed, or if too small a 
boiler be installed, or a poor system of piping 
be erected, these conditions will render the 
steam or hot-water apparatus ineflScient and 
unsatisfactory. 

In providing for the installation of a modem 
heating apparatus, there are some features of 
building construction which should have the 
careful attention of the builder- The colder 
the climate, the greater the necessity for con- 
structing the building in such a manner as will 
enable it effectively to resist the cold weather. 
The small additional sxmi required to make all 
parts of the structure tight, sound, and capable 
of resisting and excluding the cold, is, in a com- 
paratively short time, more than refunded in 
the saving on fuel bills, to say nothing of the 
satisfaction of having a warm and comfortable 
home at all tunes, regardless of varying climatic 
conditions. 

Air is a good insulator; and in building out- 
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side walls, provision should be made for **dead" 
air simces. If of frame conatruction, the outer 
wall should be lathed and plastered tightly on 
the inside. The studding should be sheathed 
outside and the sheathmg carefully covered with 
a good quality of building paper, A poor grade 
of paper is useless at any price. This surface 
should then be tightly and seciu-ely covered with 
sliiugles, matched siding* or clapboards. In a 
particularly cold climate, it is well to sheath the 
inside of tlie studding and '^furr out" before 
lathing and plastering. Brick walls should in 
every instance be '"furred out'' on the inside; 
and in cold climates the use of double windows 
and stom: dooi's is particularly advisable. 

Tbe cfBeiency and the economical operation 
of the heating apparatus wiU depend largely on 
the accuracy with which the above suggestions 
have been carried out. 

HOT AIR HEATING 

The *'hit or miss" methods which have been 
and are still followed to a great extent in the 
installation of furaaccs and other details of hot- 
air heating apparatus have brought this type 
of modem heating system into general disrepute 
by reason of the poor results necessarily ob- 
tained- In many cases the furnace-man or 
tinner seems to possess no idea of the proper 
method to follow in setting the fmnace, nmning 
the hot-air pipes, or locating the registers; or — 
if knowing — seems not to care. It is careful 



S HEATING AND VENTILATION 

attention to these details, however, which will 
naturally assist in securing a satisfactory job. 

Cheap competition work incidental to large 
building operations where several houses or 
groups of houses are erected collectively in rows 
or in pairs and offered for sale by the builders — 
"operation work," as it is called — has resulted 
in the placing of thousands of furnaces too small 
in capacity to operate properly^ and of so cheap 
a construction as to be practically worthless 
after a few seasons^ use. 

The proper preparation of a building for 
the installation of a furnace begins with the 
foundation, as the chimney for the use of the 
apparatus should be located in^such a position 
that the furnace may be set well towards the 
north and west sides of the cellar or basement 
The furnace should be placed in this position in 
order to have the shorter warm-air pipes serve 
the colder part of the house, as it is extremely 
difficult to force warm air towards the north 
or west through piping of exceptional length- 

Under ordinary conditions the furnace 
should be set not more than six feet distant 
from the chimney flue. It is far better, how- 
ever, to double the length of the smoke pipe in 
order to be able to locate the furnace toward the 
west or north, than it is to double the length of 
the hot-air pipes, if either one of these two con- 
tingencies arises. 

To illustrate the proper method of installing 
a hot-air furnace, we shall consider its applica- 
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Tig. I. Collar PUa of a House of AversfO B1b«. 
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Tig. 2. TiTst-Floot Plan of HouM Shann in Baaament Plui In Fig, l, 

tion to a house of average size. Fig. 1 shows 
the cellar plan. Fig. 2 the first floor, and Pig- 3 
the second floor plan of auch a house. 

Sixe of Furnace Required. Having deter- 
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Tig^ 3, 8«coQd-noor Plan of Houae of wUkb BaMineDt and Fliat- 
Tloot Flans An Slioviii In Figs, l vid 2. 

miDed upon the installation of a furnace, the 
first thing to consider is the size necessary. For 
arriving at this conclusion, there are several 
methods that can be adopted. We shall assume 
that it is desired to have an apparatus of suffi- 
cient capacity to heat all rooms (excepting the 
kitchen) to 70" R in zero weather. An excellent 
rule, formulated by Mr, Charles S. Prizer, is 
as follows: 

"Find Ih^ cubic feet cf apa<?e id room by miiUlplyizig 
the length by the width, and this product by the height. 
To the Rrtiiftl Rubir feet, of apnee in the room, Hdt\ 75 
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cubic feet for each square foot of glass snrface (outside 
doors to be figured as glass), and 8 cubic feet for each 
square foot of outside or exposed wall surface. For either 
a northern or western exposure, add 10 per cent 
to the glass surface and 10 per cent to the wall 
surface. For either a southern or eastern exposure, 
deduct 10 per cent from the exposed glass and wall sur- 
face. Should double doors or storm doors be used, count 
outside doors as exposed wall instead of exposed glass 
surface. Add together the figures 'or all rooms to be 
heated, and the total will be the equivalent cubic feet of 
space to be provided for by the furnace.'^ 

This rule, it will be observed, takes into 
account the various exposures of each and every 
room. In the event of the house being located 
in a section where a temperature of 10° to 12° 
above zero is the extreme degree of cold weather, 
10 per cent may be deducted from the *'equiva- 
lent cubic feet." For locations where the 
extreme degree of cold weather is 10° below 
zero, add 10 per cent to the equivalent cubic 
feet; for 20° below zero, add 15 per cent; and 
for 30° below zero, add 20 per cent. 

Select a furnace having one square inch of 
grate area for each 150 equivalent cubic feet of 
space to be heated. 

A simpler rule, qxiite accurate in the results 
obtained, is to allow one square inch of grate 
area in the furnace for each 40 actual cubic feet 
of contents, if the house to be heated is well 
constructed and is exposed on all sides. If part 
of a double structure, or one of a row of houses, 
use the number 50 as the divisor. 
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The house illustrated in Figs. 1, 2, and 3 
has slightly more than 15,000 actual cubic feet 
to be warmed, and is an isolated structure. 
Therefore, 15,000-^-40^375 square mebes of 
grate surface required. This would call for a 
grate approximately 22 inches in diameter (a 




circle 22 inches in diameter gives an area of 
380.13 sq- in,, or slightly more than necessary). 
Location and Size of Registers and Flues. 
Registers should be located aloug or in the inner 
walls of each room. The dotted lines dividing 
the floor space of the various rooms in Figs. 
2 and 3, explain this. The registers should be 
plaoed inside the dotted lines* Fonnerly it was 
considered good practice to use floor registers 
for all first-floor rooms, and wall registers for 
the rooms above the firat floor. However, the 
recent introduction of the improved side-wall 
register, Fig. 4, has changed this foi-mer idea. 
By the use of this type of register in a three- 
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or four-incb wall, an opening for a flue at least 
T incheB deep is obtained by cutting out 2 inches 
of the floor- This, together with the space of 
1 inch occupied by lath and plaster, gives a flue 
3 inches deeper than the studding, and allows 
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ng. 5. WtU PnpAnd for SldB-WmU Bagirtw. 

the placing of an effective register for wanning 
first-floor rooms. In a similar manner a single 
flue can also be made to heat a first and a second 
floor room, thus simplifying the piping system 
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Fis. 6. AtMk SnpplTi^E Fii«t- snd S^ond-Flodi Bagieten, 
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and lessening the number of pipes in the cellar. 
There is much to be said derogatory to the 
use of the floor register. It is a dust and dirt 
collector; it frequently interferes with the 
desired placing of furniture and often necessi- 
tates the cutting of carpets. All these adverse 




Fig. 7. Coit«Ct Fonu of "Bdoti. 



conditions are obviated by using the side-wall 
register. Fig. 5 shows the wall prepared and 
the opening cased ready for the insertion of the 
cafit-iron register frame. Fig. 6 shows a stack 
supplying the first and second floor registers- 
Note that by this arrangement, as cited above, 
the depth of the flue supplying the flrst floor is 
7 inches, A baffle-plate divides the flow of 
warm air, furnishing each floor with its proper 
proportion of heat. 

The fitting at the bottom of a stack, or verti- 
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cal duct, supplying a register, is termed a boot. 
The round pipe in basement conveying hot aii' 
from the furnace is connected to a boot, which 
must be so arranged as to receive the full vol- 
ume of this round pipe and distribute it to the 
riser with the least possible amount of friction. 




Flff. & OorTDCt Forms of Flne-HoAdfi or BeglateE Boiab. 

A variety of designs are therefore necessary to 
answer suitably certain requix'emeuts, and Fig, 
7 shows a number of correct forms. 

The fitting at the top of a riser or flue is 
ttfrmed a flue-head or register box. These are 
made in a foixQ to supply a single register, or 
they may be so arranged as to be auitable for 
supplying registers on opposite sides of the 
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partition. Fig. 8 illustrates some correct forms 
of this fitting. 

In the running of all furnace piping, abrupt 
bends and acute angles should be avoided, so 
that the heat-carrying pipes may oflfer the least 
possible amount of friction or resistance to the 
flow of warm air through them. 

All hot-air pipes should be covered with 
asbestos paper, or, better, with asb^tos air-cell 
covering. Should circumstances require the 
placing of a pipe within an outside wall, its 
outer surface should be doubly covered in a 
pennanent manner with first-class material. 
Asbestos air-cell covering also affords a pro- 
tection against fire liable to be caused by an 
overheated pipe. 

In this connection it is advisable to call 
attention to a new type of furnace piping, as 
illustrated in Fig. 9, The design is called Safety 
Pipe, and is of double construction with an air 
space between the two layers of metal, A small 
opening through the outer pipe in the boot 
admits cellar air. 

Table I will give the mea8xu:^ments of regis- 
ters necessary for supplying certain sizes of 
rooms, the sizes of flues (vertical pipes), and the 
sizes of the roxmd pipe in the basement convey- 
ing warm air from the furnace to the boot. In 
all cases where two or more rooms are heated 
from one pipe, this pipe must have sufficient 
capacity to carry the required amount of warm 
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air for all rooms serv- 
ed by it, according to 
the information given 
in the table. 

Heat Pipes. The 
lieat pipes conveying 
air from the furnace 
sliould have a good 
upward slope in the 
cellar. If necessary, csi^ 
the bottoui of the fiu'- 
mace should be placed 
below the level of the \ 
cellar floor, in order 
to secmc a slope in 
the heat pipes. When 
it is necessary to use 
pipes of different 
lengths to reach dif- 
ferent rooms of the 
same size, the longer 
pipea should be larger 
in diiuneter tlian the 
shorter pipes. When 
a large number of 
heat pipes are taken 
off from the furnace, 
they should average 
smaller in diameter 
than the average di- 
ameter when there are 
but a few heat pipes. 
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axZ4 " 


270 " " 
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» "■ 


Zlxtf " 
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The total capacity of all the heat pipes leading 
from a furnace shoiild never exceed 40 per cent 
of the area of the circle of the casing; and in 
good furnace practice, this total capacity of beat 
pipes should usually be considerably less than 
40 per cent of the area of the circle of the casing. 

In practice the diameters of the several 
pipes must be determined by the conditions and 
requirements of each particular case. The 
capacity of heat pipes leading to vertical parti- 
tion flues for heating rooms in upper stories, 
may be somewhat less than that of pipes run- 
ning to first-floor rooms. When the vertical 
flues are of sufficient capacity, it is seldom diffi- 
ciilt to convey heat to second or third floor 
rooms, unless the mistake is made of attempting 
to carry the heat up in exposed outer walls. 

When the cone-top upper casing is used, the 
several pipes should be brought out from the 
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sloping sides as high up as possible, and the 
top sides of the pipes should all be on an exact 
leveL Where the straight -sided flat-top upper 
easing is used, the pipes are brought out from 
the top, in which case the elbows should all be 
of the same height from the top of the furnace- 
Both heat pipes and smoke pipe should be per- 
fectly tight» so that no ah" can enter them except 
through the fiirnaee. 

Cold Air Supply. No hot-air furnace will do 
its work properly unless provided with an ade- 
quate cold-air supply. In the cheap foi-m of in- 
stallation, it is invariably noted that the furnace 
is supplied with basement air through a fret- 
work base of the furnace. Aside from showing 
jwor practice, this method creates an unhealth- 
ful condition. Air from outside the building 
itself should be used; and the necessary supply 
should, if possible^ be admitted from the north 
or northwest sides, A cellar window may be 
utilized for the purpose. Just inside the cellar 
window or other similar suitable opening, the 
eold-air duct should be enlaj'ged to about three 
times the required capacity. Prom the bottom 
of this duct the connection with the furnace 
may be made, the pipe running either below the 
floor of the cellar or above it, according to cir- 
cumstances surrounding the installation. Thia 
large duct forma a reservoir for the accumula- 
tion of cold air, and this reserve supply prevents 
prevailing high or variable winds from inter- 
fering with the steady flow of air to the furnace. 
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Pig- 10 will illustrate this idea. The outside 
entrance to the opening should be protected with 
a coarse wire screen fastened in a permanent 
manner- We favor the building of a cold air 




Fig. 10, SlOVLiig Caiil-Ajr Bc&trvoLr and Cuft. 

pit of brick beneath the fiunaee, as illustrated 
in Fig, 11. 

In aize, the cold-air duct should have tbree- 
foxu^hs of the area of aU heat pipes leading from 
the top casing. For example, let us assume a 
job having: 

One S'inuh heat pip^^ capHcity 50 nq. in. 

Two 9-mch heat pipes, capacity 126 nq. in. 

Three lO-inch beat pipes, capacity, 334 sq. in. 



Total 410 aq, in. 

Here the total area of the heat pipes is 410 
square inches. Three-fourths of this total 
capacity is 307 square inches; therefore the 
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dimensions of the cold-air duct should be 12 X 
25 inches = 300 square inches. 

Cold-Air Cleansing. In some localities, such 
as factoi-y districts, or in places where soft coal 
is extensively burned, it is desirable to cleanse 
the GoId-air supply prior to its admission to 
the furnace. A simple method for accomplish- 




Pig. IL C«]d'Air Pit aiul Pier for ranice. 

iDg this deeired result is illustrated in Pig, 12. 
Frames paitially covered mth cheese-cloth arc 
inserted in the cold-air chamber or reservoir. 
These frames are set at an angle of about 30 
degrees, the clear openings through them being 
''staggered" or located on alternate sides of the 
cliauiber, as shown. They should be fltted in 
grooves, and so made as to be easily removable 
for the purpose of cleaning or re-covering. This 
simple arrangement will be found very efficient. 
Pumace Ventilation. The air we breathe 
contains more or less carbonic oxide — a poison- 
ous gas which, within a crowded room, is present 
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in the air to such an extent as to cause the 
oecupaots headache and other similar aUmcnte. 
TTiis contamination of the air is caused by the 
poisons gi\"en off in the exhalations or fi'om 




He 12. MoUiod of OlQAmdQK Cold-Air 8upii1t> 

the Imclies of the people within the room. 
'nuTcforo, by reason of its effect upon the phys- 
iojil body, pi"oper ventilation is of even gi-eater 
iui5x»rtftnce than heating, and is consequently 
nn rssrntml and inseparable part of the heating 
prohlom. It therefore calls for at least some 
ln'it^f jiertinont suggestions. 

Tn winter, rooms should he ventilated hy 
tfiking out nir nt or near the floor. Taking out 



HEATING AND VENTILATION 



25 



air from the top of the room for ventilation is 
\^Toiig in principle, and always interferes with 
heating the room. An excellent plan to venti- 
late a residence is to build a large ventilating 
shaft instead of the usual chimney flue. Up 
through this shaft, run a tight terra-cotta or 
toetal smoke pipe to carry the draft of the fur- 
na(!e. The spare in the shaft around the smoke 
pipe is ventilating space, which will be warmed 
by the draft of the furnace, causing a strong 
upward current of air in the shaft. A pipe or 
duct of any form or shape or material that may 
be found most convenient should be run from 
the floor or baseboard of each room to this 
upright ventilating shaft. In this way the lower 
strata of aii' will be drawn off from the rooms, 
and a constant and reliable change of air will 
be assured- The ventilating register in each 
room should have about sixty per cent of the 
capacity of the boat register through which hot 
air is supplied for heating the room. This 
method of veutilation is comparatively inexpen- 
sive, if put in at the time the house is built. 

Where there is no mechanical device for 
forcing ventilation, the main ventilating shaft 
must be wanned so that there will be maintained 
an upward current of air in it; a cold ventilating 
shaft is worse than none at all. It ia easier to 
heat rooms that are properly ventilated than to 
heat them when there is no provision for sys- 
tematic veutilation. In a properly ventilated 
house, the roider and impurer air is being con- 



86 HEATING AND VENTILATION 

stantly drawn off from the lower parts of the 
rooms; the fresh warmed air is filling the rootna 
from the top downward, and this warm air is 
not working against resistance. 

It is extremely difficult and requires an ex- 
travagant consumption of fuel to heat a church 
or hall with a very high ceiling, without draw- 
ing off the cold air from the lower part of the 
room. In such cases, where the dealer cannot 
induce the owner of the building to put in a 
ventilating shaft, satisfactory results may be 
attained by supplying the furnace with cold air 
drawn through a cold-air duct from the room 
above the furnace; but the usual provision 
should be made, when this plan is adopted, for 
supplying cold air from the outside. The duct 
&om the outside and the one from the room 
above should be joined into one duct before 
reaching the furnace, so that, by placing a turn 
damper at the junction, the supply of cold air 
can be taken from outside, if desired, when the 
room above is well heated and when there are a 
number of people in it. 

STEAH EEATINa 

Steam heating is unlike hot-air heating in 
principle, as well as in results attained. In 
heating a room with hot air, the register distrib- 
utes the heated air to the room, this warm air 
ascending to the ceiling, and then descending 
to the floor as it becomes heavier after cooling. 
A steam radiator circulates or turns the air in 
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the room, as shown by Fig. 13, Note the do\vu' 
ward circulation of the cold air from the win- 
dow^ as indicated by arrows- 

Weather conditions do not affect the effi- 
ciency of steam-heating apparatua; with it, it 
is possible to heat any chai'acter of buildings in 




Plf. 13. 



BhowinB How Badistom v-od Windows Oaow OltcnlaUoii 
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any location, regardless of extremely low tem- 
peratm*es or prevailing high winds, so long as 
these conditions have been provided for by the 
heating contractor. 

The early method of steam Iieating was in 
accordance with the two-pipe system. Many 
Buch plants, however, were noisy in operation, 
eaiiaed bv water-hammer in the svstem, this con- 
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dition being due to the faulty installation of the 
small piping used; and such plants were also 
often rendered inefficient by poor practice in 
making pipe connections- Water-hammer is 
caused by the presence of traps in the piping; 
that is, portions of the piping system are imper- 
fectly drained of the water of condensation. 
When the fire is checked, and the piping and 
radiators cool, the portion of the water of con- 
densation which has found lodgment in the 
piping or the radiators has also become cold. 
When steam is again generated at the boiler, 
the supply in passing this accumulation of cold 
water in the traps or pockets condenses rapidly, 
and this action causes water-hammer. To over- 
come this trouble, it is therefore necessary that 
all steam piping, regardless of the particular 
system used, should be so erected as to insure 
perfect drainage in this respect. 

In this connection the use of eccentric fit- 
tings is advised. Mg. 14 shows a short part of 
a main steam line on which the ordinary styles 
of fittings are used and the size of main reduced, 
and also the identical piece again on which 
fittings tapped eccentric are placed. The perfect 
drainage afforded by the latter usage is at once 
apparent. 

The modem low-pressure system of steam 
heating is usually a gravity job, the boiler or 
steam generator being placed below the level of 
the steam mains. While the two-pipe system 
is still at times advocated and employed, prac- 
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tically all of the installations of low-pressure 
steam beating in these days are erected by what 
is kuown as the one-pipe method. There are 
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rig. 14. nJnBtmUi^ Use or Eccflntrio nttiti^s \^ Frarent WAtoi- 

several adaptations of this method — namely, the 
*'one-pipe circuit" system^ the "divided-circuit" 
system, the '*one-pipe system with dry retuins," 
the "one-pipe system with wet returns," etc* 
These will be described later. 

In planning for the installation of a low- 
pressure steam-healing apparatus, it is neces- 
sary to figui^ for each room to be heated the 
size of radiator needed to wann the apace to the 
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required temperature; and after the total 
amount of radiation necessary for the work has 
been determined, the next step is the selection 
of a suitable boiler. 

Methods of Determining Badiation. The 
nmount of radiation required depends upon 
three prevailing factors: (1) the size and loca- 
tion of the room; (2) the square feet of its glass 
exposure (windows and outside doors counted 
as glass); and (3) the square feet of outside or 
exposed wall surface. Too many fitters and con- 
tractors are using "rule of thumb" methods in 
calculating such requirementa, thereby causing 
trouble and unsatisfactory results from installa- 
tions of this character. Only such rules as are 
absolutely accurate should be used in figuring 
on work, and the two known as the "Baldwin" 
and "Mills" rules can be relied upon, 

Baldwin Rule. The Baldwin rule for deter- 
mining radiation is as follows: 

Divide the difference in temperature between that at 
which the room is to be kept and the coldest outside at- 
mosphere, by the difference between the temperature of 
the steam in the radiator and that at which you wish to 
keep the room^ and the result will be the square feet of 
radiating surface to be aUowed for each square foot of 
^^equivalent ^lass surface,*' 

Count each square yard of exposed waU as a square 
foot of glass to determtne the former's equivalent in glass 
Burfaoe. 

For example, we shall consider a room 12x15 
feet in size, with a 10-foot ceiling, containing 
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two windows 3x6 feet in size, and baring one 
side wall (10x12 feet) exposed. 

Temperature desired in room TO" 

Outside temperature — zero 0° 

Difference 70° 

Temperature of steam in radiator at 1 lb, 

prcftsure 215.5° 

215.5"— 70' [teraperalure of room) = 145,5° 

(Dif. in temperatUTf) -r 146.5''= .481 

Glass iti windows 3'xR'>2= 36 sq, ft. 

EquiTttleut glass in wall lO'x 12' -=-9 = 131 ati- ft. 



Total eqiiivalont glass 49,^ a^, tt. 

49is.481=23,7 sq, ft, of radiation required. 

The result fi-om the above Galeulation pro- 
vides only for tlic exposures named, and does 
not take into account the effect on the system 
from loose windows, poor building coustioiction, 
or a degree of exposure excessive beyond that 
stated. 

Mills Rule. Tlie Mills rule, known also as 
the rule "2 — 20 — 20O»" is possibly more easily 
applied, and it is consequently the one generally 
adopted by heating men- Its explanation fol- 
lows: 

Find the following three qnantitita in each room to 
be heated : (1) the fubic feet of contents, by multiplying 
together the length, width, and height; (2) the square 
feflt of exposed or outside waU (not deducting the spaee 
occupied by doors or windows) ; and (3) the square feet 
of glaea (couDtini? outaide doors as gl&ss). After obtain- 
ing these results, proeeed in fipiring thus: 
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For each 2 sq. ft. of glass, allow 1 sq. ft. of radiation ; 
for each 20 aq. ft. of exposed wall, allow I sq. ft of 
radiation; for each 200 cu. ft. of contents, allow 1 aq. ft, 
of radiation. 

The total of these different results will be the number 
of square feet of radiation required to beat the room to 
70" with a pressure of 2 lbs. of steam, the outside temper- 
ature being at zero- 

For example, consider a comer room (two 
walls exposed) having three windows 3x6 feet 
in size. Dimensions of room, 15x20 feet, with a 
10-foot ceiling. 

yxe'^lS sq. ft. X3'-54 sq. ft. of glass 
15'+20'— 35 feet X10=350 sq. ft. of exposed waU 
15'X20'X10'=3,000 cu. ft. of eontenta 
54-i- 2=27 
350-^ 20=17.5 
3,000^^)0=15 

Totalf 59.5 sq. ft. of radiation required. 

For all direct-indirect radiation used^ add 
25 per cent to the amount to ohtain the equiva- 
lent of direct radiation; and to the amount of 
all indirect radiation used, add 50 per cent to 
obtain its equivalent in dii^ct radiation. The 
character and purpose of '*direct-indirect" and 
**indirect" radiation are explained later under 
the heading '*Eadiatiag Surfaces," 

Having determined the number of square feet 
of radiation necessary to heat the building in 
accordance with the above rules, we proceed to 
*he selection of the boiler. 
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Selection of a Boiler, The selection of the 
proper size and character of boiler for any in- 
staUation means much for the efficient and eeo- 
nomical operation of the entire job. 

The catalogue ratings of all boilei-s for house 
heating, or '4ow- pressure" boilers, are gross 
ratings; that is, in the stated capacities, not only 
is the amount of radiation to be supplied con- 
sidered, but all pipe, fittings, etc., ou the work 
are counted as radiating surface, and allowance 
must be made for the same in accepting the 
printed ratings. 

House-heating boilers are the opposite of 
power (tubular) boilers in so far as the matter 
of fuel consumption is concerned. With high- 
pressure boilers used for power purposes, tlie 
point of greatest economy is reached by burning 
as much fuel as possible within a certain period 
for each square foot of grate surface; and this 
type, consequently^ has a high rate of combus- 
tion. With low-pressure boilers, on the con- 
trary, the gi*eatest economy is afforded by a 
low rate of combustion, and with a heating ap- 
paratus we aim to biu'n as little fuel as possible 
per square foot of grate per hour. 

House-beating boilera must be capable of run- 
ning six or eight hours without atteutionj and 
he able during this period of operation to keep 
all radiating surfaces filled with steam. 

Manufacturers' ratings, as a rule, are based 
Upon evaporative tests; that is. that a certain 
number of pounds of condensation may be evap- 
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orated per pound of fuel per square foot of grate 
l>or hour. This amouBt varies from 7 to 10 
lK>\uids per hour, with an average of possibly 
8^2 pounds- A safe plan when using such 
ratings, is to make the following allowances: 

Ai'hml sq. ft. of rafliation in building 600 

AiW STt por oont for uncoTered mains and risers 150 



750 
A\)d 10 por rent for radiation in risers 75 



825 



To this result should be added an allowance of 
10 or ir> per cent for friction or loss of heat 
b**lwi*ou the boiler and radiators, the final result 
whuwing that for good service on the work the 
\viAWv selected should have a gross rating of 
approximately 900 square feet. 

For economy, choose a boiler so constructed 
that it may be easily and thoroughly cleaned in 
nil its iMirts. Soot is a great non-conductor; and 
tho heating surfaces, to be effective, must be 
kt'pt free from an accumulation of it. 

The firebox and grate provided are features 
worthy of particular attention, as a firebox of 
proper depth, and a type of grate which can be 
I'iiflily cleaned and which is able to carry its full 
load of fuel without a sagging of the bars, are 
essential points to consider. 

A large amount of direct heating surface 
iibove the grate, with a length of fire travel suffi- 
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cient to consiimc and utilize the gases of com- 
bustion, meaus economy of fuel. 

Cast-iron Ijuiltirs aie used to a greater extent 
than wrought-ii^on construetions for low- 
pressure heating purposes, as experience has 
conclusively deuioustrated that cast iron is slow 
to corrode or rust, is easily moulded into any 
desired shape, and is most efficient in absorbing 
the heat units fL^om fuel consumed- 

Do not select a boiler having packed joints, 
as it will diy out and leak at these points. 
Iron to iron connections made with push oi- 
screw nipples are the best. 

Finally, select a boiler made by a company 
or firm of unquestioned business atauding* Such 
a concern will make good any defects of manu- 
facture which may develop in their product and 
for which they can be considered responsible. 

One-Pipe Circuit System- The one-pipe cir- 
cuit system of steam piping is doubtless used 
more than any other plan, as it is the one having 
the most advantages when installed in a square 
or rcctangulai" building. 

In tliia system, the upright pipe out of the 
boiler rises to as high a point as possible, up to 
■within a few inches of the cellar joists. On its 
top is placed an elbow from which the circuit 
is started. This starting place is the high point 
of tJie main steam pipe; and from it the main 
should have a gradual fall or pitch from the 
boiler of one-half inch to one inch in each ten 
feet of length. The branches should pitch up 
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from main at least one inch in each five feet of 
length, and as a rule should be of one size larger 
pipe than are the risers which they feed. 

The circuit continues around the basement 
at a distance of from three to four feet from the 
outside wall, continuing until an advisable point 




Flff. 15. One-Pipe Oficoit B7«tem of Bteun He»tlD«. 

at or near the boiler is reached, where a reducing 
elbow is placed on the end of this main, and a 
drop made with a smaller size of pipe into the 
return opening of the boiler- 
Pig. 15 shows the basement plan of a piping 
job of this character. The main acts as a reser- 
voir supplying the various branches leading to 
the radiators, and also as a return pipe receiving 
the condensation from the various branches it 
feeds. By reason of this latter function, it 
should not be reduced, but should be run full 
size from the boiler to the end where the return 
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connection is made. Tlie coudensation from the 
system runs along the bottom of the main in 
the same direction aa the course of the steam* 
Fig- 16 illustrates three views of a main of this 
character, showing the extent of the reduction 
in its ai^a due to the space occupied by the con- 
densation; a designate s the main as it leaves the 
boiler; b, the same main after the condensation 
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Fig, L6. S«cUonJU Vie^VH cf a One-Pipe Circuit Steam Main at 
1)]fl«Teiit Pointa. 

from several braiieljcs has been returned to it; 
and c, this main at a point near to the return 
connection, showing possibly one-quarter of its 
ai-ea occupied by the condensation. 

At the extreme end of the main, where the 
connection to the return is made, there should 
be placed an automatic air-valve, in order that 
all aii^ in the main may be quickly exhausted, 
and the main put in shape to be i^pidly filled 
with steam so that all branches ^ill be supplied 
fit practically the sanie time, thereby securing 
an equal proportion of heat from all radiatoi-s. 

Each branch connection may be taken from 
the main by either of two methods — namely, 
(1) by using a nipple and 90-degree elbow, as 
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illustrated in Fig. 17; and (2) by using a nipple 
and 4:5-degrGe elbow, as illustrated in Fig. 18, 



SO^£lJbow 








^^Shart nippla 



T&aof^rnain 



PIS- 17- Brancb Cotmectlon to St«am Ma!a hy NippU Mid BO- 
Dflgree Elbow. 

The inctbod shown in Fig;. 18 ia preferred for 
tbe reason tbat in all low-pressure maios the 
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Fig. IS- Bnmch Connection to Steam Main by NinilA and 4IW 

DeETBO Elboir. 

steam flows along the top, the condensation 
along the bottom. With the 45-degree eonne^- 
tion, the condensation from each branch enters 
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the main without saturating the steam, while 
with the use of the 90-degree connection this 
water of condensation flows into the main on 
top of the steam supply, saturating it and 
thereby greatly reducing its efficiency. This dif- 
ference is very clearly explained by Fig, 19, 

Points marked A A A on Fig. 15 indicate the 
IS-degree connection; BBS, the riaere to radi- 




Kg. 19. nioatratms How Eteam U aatnriifd by m^-negrce Con^ 
nsction to MniiL. 

atoi-s; and C the point at which the automatic 
air-valve should be placed. The arrows indicate 
the downward pitch of the main and the upward 
pitch of the branches. 

On all low-pressure steam work, the velocity 
of the steam through the riser out of the boiler 
should be materially less than that provided in 
the main. To accomplish this result, it is well 
to have the riser of.one or two sizes larger pipe 
than that used for the main, placing a reducing 
elbow at the top to stai't the main. 

The end of the steam main should never be 
lower than a point 14 inches above the water- 
line of the boiler; and, if possible, a distance of 
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20 iBches should be maintained between the two 
points- Fig- 20 shows an elevation of the boiler 
and return connection of a piping system as 
shown in plan in Pig. 15, and clearly indicates 




ATlcP'^^^ 



RVALVE 



v/////?///r/ 7 /jy///////////// 



Fig. 20. ElBTitlon of Boiler uuX Bfltnm Oonnection of % Oiu- 
Pipe Olrcnlt Bystem of Bteam Heating u Shown In FUn 

In Fig. 16. 

the space to be maintained between the end of 
the main and the water-line of the boiler, 

Dividod-Circmt System, The divided-circuit 
or two-circuit system is quite similar in its gen- 
eral plan to the single-circuit, and what has been 
said regarding the details entering into the one 
will apply to the other. When the boiler is 
located on one side of a rectangular building, 
frequently it is better practice to run the main 
in two circuits; and the method this provides 
is known as the divided-circuit system. On 
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kaviBg the boiler, the mains pitch down from it 
in cither diroetion, following iu^oimd the base- 
ment until they meet at the aide opposite to the 
boiler, or perhaps at some other point, the place 
of Jimction depending upon the character of the 
building or on cii^cumstances suri'ounding the 
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Fig. 21. DlTldftd-Clrenlt SystQzn of ateun Heating. 

installation. At this point a reducing elbow and 
an automatic aii'-valve are placed on the end 
of each main, and a drop made to the floor of 
tliG basement, where, below the water-line, these 
returns ai'e connected together, and a single pipe 
having a eapacity equal to that of both the drop 
pipes is run across the cellar floor, either on the 
surface or under it, to the boiler, where it ia con- 
nected into the return opening- 

As the ends of the maius or circuits are usually 
some distance from the wall, it is not advisable to 
drop directly at this point, but preferable rather 
to carry the pipe to the wall, and then drop. 
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Fig. 21 illustrates the divided-circuit system; 
and Fig. 22, the method of coimecting the re- 
turns together below the water-line of the boiler. 
One distinct advantage of a one-pipe circuit 
system is that all piping is overhead and out of 
the way. In addition it affords a very neat and 



STEAM^IAIN 



AUTOMATIC STEAM MAIN 



^RVALVE^ 



X 



a 



TO-BDILER 
IWET RETURN 



[WATER LINE 
OFBDILER 




Fig. 22. Mstbod of Connsctiiig B«ttiiiis Iralow Wfttor-Lliu of 
Boll«r In DlTldvd-Olrcult BTvtom of flteua Heating. 

attractive method of piping, and will be found 
sufficiently effective provided care is exercised 
in properly proportioning the sizes of the pipes. 
Pipe sizes for one-pipe systems are given in 
Table n. 

One-Pipe System with Dry Retums< The 
one-pipe system of steam heating is so called 
from the fact that there is but one pipe connec- 
tion to each radiator, this pipe acting the dual 
role of flow and return- For this i-eason the use 
of this arrangement requires pipes larger in size 
than those necessary for the two-pipe system. 
There are several adaptations of the one-pipe 
method, that illustrated in Fig. 23 being the one 
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X>articularly suited to a long narrow building 
where the mam flow pipes may be rim straight 
fi'om the boiler in either direetion. 

The liigh points of the steam main ai'e the 
elbows on the risers leading from the boiler^ and 
from this point the mains and returns should 
have a gradual fall, free from pocliets and traps, 
towai'd the return opening of the boiler, this fall 
or pitch averaging not less than one-half inch 
for each ten feet of length of the flow or return. 
Unless the system is modified to meet certain 
unusual conditions, such as an uneven height of 
the basement ceiling or similar oddities in eon- 
etruetion, thei^c should be no reduction in the 
size of the main prior to maldng the connection 
to the return. 

Note the manner in which this connection is 
made. The return pipe is always one or Iwo 
sizes smaller than the flow, and the connection 
from main to return is accordingly made with 
two reducing elbows and a close nipple- Assiun- 
ing the main to be 3 inches and the return liA 
inches in size; on the end of the main is placed a 
3s2-inch elbow, into which is screwed a 2-inch 
close nipple. To the other end of the nipple is 
attached a 2xli/o-inch elbow, into which the 
1^^-inch return is connected. Note two things 
particularly, relative to this fonn of connection 
— fii-st, that the 3x2-inch elbow is turned up until 
the top side of the 2xli/^-inch elbnw is even with 
the bottom of the former size. Tliis method 
assista in gaining headi'oom in the baeement, at 
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the same time permitting of the perfect drain- 
age of the Gondensatiou from the main. Second, 
note that, should a length of pipe for the return 
be sci'ewed dircctJy into the 2sl%-ineh reducing 
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elbow, it woidd extend out at a considerable 
nngic from the main; and as it is desirable for 
the return to follow closely by the side of the 
main and just beneath it, it is necessary to use a 
short piece of pipe and a coupling with a crooked 
ttiread to throw the return straight with the 
main. 
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Where the elbow is placed on the end of the 
dry return for the drop connection into return 
opening of tK>iler, an automatic air-vent should 
be used, and this point should not be less than 
14 inches above the water-line of the boiler, as 
previously described. 

All branches are taken from the main with a 
45-dcgree connection as shown in Fig. 18, and 
they should alwaj'S pitch upward from the main 
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Flff. 26. ExtensiOM or Mkln In BoUdlng Too Long to Allow of Dry 
Betams Tturonglioiit 

at least one-half inch in each five inches of 
length. When supplying large radiators, the 
branches, as a rule, should be one size larger 
than the riser or radiator connection which they 
feed. 

It is well to make connections to radiators in 
such a manner as will permit of some expansion 
of the riser, A swing joint at base of riser is 
sometimes employed for this purpose (see Fig, 
24), When the length of a building is so great 
as to prevent the use of a dry return throughout 
the entire distance, it may be found imprac- 
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ticable to extend the main the full length of the 
building; and in such cases an extension of ihv. 
main is made in the manner shown in Pig, 25, 
the size of the extension being governed by the 
square feet of radiation fed by it. Should it be 
required to supply only a few small radiators^ it 
may di-ain back into the main in the same man- 
ner as any other branch connection. As a rule, 
however, it shows better practice to drip the end 
of this extension into a wet return, as illustrated. 

In this connection we again call attention to 
the fact that the risers out of the boiler should 
be two si^es larger than the horizoutal pipes 
which they feed. 

One-Pipe System with Wet Eetums. The 
one-pipe sj'stem of steam heating with wet re- 
turns does not differ materially from any one of 
the methods previously described so far as the 
manner of nmniiig the mains and connecting the 
branches is concerned- There are some heat- 
ing men who favor a wet-return system, behev- 
ing that the provision of the wet return steadies 
tlie working of the system or *'balance8" the 
job- This system is specially adapted to jobs 
where the mains are exceptionally long or when 
surroundings make it nccessaiy to work xm- 
usuaJly elosL* to tlie water-line of the boiler- 

A wet return would be stai-ted on a circuit 
job as soon as the last branch or radiator had 
been conneeted, but the drop should not be made 
directly at the last connection. The main should 
bo extended not less than two feet beyond this 
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^uiiL wsieEv a reduang elbow tapped for an air- 
v«Cnf a&K£ld be placed on the end, and the drop 
ti^tt nhie into a wet returo. This return, as a 
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v\\\i\ ia carried along the cellar wall to a point 
wln4"(s a connection with the boiler can be con- 
vonitintly made. 

One method of installing a wet-return system 
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TABLE U 
SlEM or MilIu and ^tam Pipes, One-Pipe STHteTn ot Steam Healing 



Woilpr Prepsure, 2 Lbs. Gnugp 






»«. TT- ClIUeiT It4ltUTlO?f 


Siaj or VUur 


Biu or EtETHvM 


125 to SS» ti- 
:i50 ■' 41)0 ■' 
400 " BflO " 

mn '< 000 •• 
q6o '• i.auo " 

1500 ■' 1,000 " 
2,0(H> " a,5uo ■■ 
3,anO '■ &,0W " 


ft 

Ik 


3 

«V4 :; 

4 

4^ " 

5 

n 
7 


1 Id. 
l2 " 

4 



Note. — The masimurn nraonnt of radijitloti given for anj siae 
of pipe ia b^HCil npan favorable oviating conditioaa, aunh ua a 
Bhort mam (under 100 fijot) end u oompniit job. When umitie uro 
extremely long and the smaaDt of rndmtion HGattered, ibif larger 
■iie of pipe should iDvariHbl^ be nHPd. 

When dirert-indir^^rt or imlirptt rudiation 1h placed, Iha niwti 
MB given ubuve Bhuuld bu increaaed un Xh'ia bosiB: 25 per ctnt for 
direct indirect^ B,ud GO p<?T ceul for indirect. 

The pJpG tiz^i in tbc above tabic arc appJicjiblo ior USO with 
eitber tbo jungii^'circuit or tbo dividod-cirmjit s^etom. 

is to bleed all ri3Ci*s, as illustrated in Fig. 26. If 
the job is of such a character that the risers can 
be treated in this manner, much smaller piping 
may be employed than is ordinarily necessary 
with one-pipe work, as no condensation enters 
the main fi'om radiatore or brandies^ and its 
entire area is bee space for the conveyance of 
lire steam. Also, where risers are dripped into 
the retnm in the maimer illustrated^ it makes 
no difference in the results attained whether a 
45Hiegi^e or a 90-degree connection is used in 
starting the branch from main. 

Sixes of Main and Return Pipes. Table II, 
giving^ pipe sizes fornminflow pipes and returns. 
is based on a gauge pressure of 2 lbs. at the 
boUen Wliile some engineers consider the sizes 
as given somewhat excessive, the fitter can make 
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no mistake by adopting them on heating work. 
Pcrhai>a circumatanct's siirroimcling installations 
in some particular instances might warrant ma- 
terial x'eductions in the stated pipe sizes- bnt 
unless the fitter is fully eonvcrsant with the 
effect these conditions exert on the plant, it is 
l^etter to be guided entii'ely by the sizes given, 
T\hic:h have been proven by conclusive tests as 
VPorthy of frennral adoittion. 

Overhead System of Steam Heating. The 
overhead system, sometimes designated as the 
Hills System, is so called from the fact that all 
radiating siu-face on the job is supplied from 
overhead, or from a steam supply which baa 
been taken directly from the boiler to the attic 
or an upper floor of the building, the main there 
dividing or branching to feed a number of 
^*di'opB" or pipes extending through and con- 
necting with the radiators on the various floors 
below. 

Although styled the *'Milla System," pre- 
simiably so from the originator's name, Mr. 
Mills was not the father of the overhead idea in 
steam and hot-water piping, A Mr. Perkins, 
of London, England (1830), made use of it, as 
did also a Mr, Chaiies Hood at a somewhat later 
day* but prior to the advent of Mr, MUIa. 

Pig. 27 shows the general design of the sys- 
tem- The main steam supply is eaiTied from 
the boiler to a ]Xtint in the basement where it is 
convenient to rise with it to the top of the build- 
ing. From this extreme end of the main riser. 
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which is the high point of the system, the dis- 
tributing mains are taken, the number of the 
branches being as many as are necessary to sup- 
ply the drops to the floors below. The attic 
mains and all branches pitch down from the high 
poiDt named, in order that the entire system of 
piping may have a thorough drainage. The 
branches, as a rule, are taken from the side, as 
shown in Fig- 27- The drop pipes supplying 
radiators are connected in the basement into wet 
returns. 

In so far as the mains and returns are con- 
cerned, the system is of the two-pipe style; that 
part relating to radiator connections is arranged 
on the one-pipe plan. The one-pipe systems de- 
scribed and illustrated in the preceding pages 
are largely used for small work. The overhead 
system is particularly adapted for beating a 
hotel, apartment, or other building of consider- 
able height, where, by reason of the space on 
each floor being similarly divided, the radiators 
are placed in the same relative positions on each 
floor. A line of pipe or a drop can feed a num- 
ber of such radiators so located without friction 
and with freedom from any of the water-hammer 
so prevalent in large installations erected in 
accordance with ordinary methods. 

Although Fig, 27 shows a direct connection 
at the base of each drop, it is good practice to 
use an expansion joint at this point, or to allow 
for the expansion by making what is known as 
a doubla-swing joint, illustrated in Fif;. 24, By 
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providing for expansion in this manner, a short, 
stiff connection may be used in connecting each 
radiator- 

The attic mains should be hung on expansion 
hangers or supported by roller bangers in such 
a manner as to afford the pipes freedom to ex- 
pand and contract. In order to underetand the 
importance of this feature, Table III is given, 
showing the increase in length (or the expan- 
sion) of a line of pipe 100 feet long when heated 
to various temperatures. 

TABLE m 

EzpAiudCRi In Pipe 100 F«et LoTig Due to Various IncTflues In 
Temper Atuie 
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100 '\ 
1011 ^ 


100 ft- 1.72 tB, 
IDO " L47 - 
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100 " l.JH " 
100 '■ 1,M " 


100 rv Ml io, 
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From the iDtormation nCForJed by thia tabic, it will also be 
readilji utideratood httw cfieily Jeaka riiit;^ ^ caused ia the B^tem 
or QttisES cracbed from vEpDOsioa wbeo do provieion for it hoi 
boon raido^i 

With this system, automatic air-valves are 
attached on each radiator in the usual manner. 
As the distributing supply is separate from the 
retxmis, aud the steam and water of condensa- 
tion both flow downward through the drops, fric- 
tion ia reduced to a minimimi; and with this 
system, therefore, pipe sizes may be somewhat 
reduced from those required by the ordinary 
one-pipe method, 
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Two-Pipe System of Steam Heating. This 
J3 the oldest method extant, and while it is to- 
day practiced chiefly on high-pressure work, we 
find many such systems in use for low-pressure 
heating. 

The piping for a system of this character 
may properly he, and usually is, somewhat 
smallGr in size than that necessary for a one- 
pipe eystcm, for the reason that the flow of steam 
and of the water of condensation are separated^ 
each having its own service pipes. Fig. 28 is an 
elevation of a two-pipe system, and, from its ex- 
amination, it will be noted that all return pipes 
are connected below the water-line of the boiler. 
This is an important feature to be observed in 
order to prevent the short-eu'cuiting of the steam 
into the returns, which action would result in 
cutting off or retarding the flow of the conden- 
sation — a condition which might not only block 
the circulation but would probably also cause 
water-hammer. 

Reference to Fig. 28 will show that two 
valves are necessary for each radiator or unit 
of radiating sm^face — one on the supply end, 
and one cm the return end; and these valves 
should be operated in unison; that is, when the 
valve on the supply i& opened or closed, the 
valve on the return should be opened or closed 
accordingly- 

For the purpose of simple illustration, the 
riscra are shown connected directly to the main. 
In actual practice, however, these should be in 
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every instance attached to the main with a 
swing or double-swing joint, the branches being 
taken from the main by either 45-degree or 90- 
degree elbow connections. 

False Water-Line, It is sometimes neces- 
sary to place a job of this character in a build- 
ing where a portion of the cellar ia not exca- 
vated; and in order to follow the advisable prin- 
ciple of connecting the condensation into a wet 
return, it is essential to flood a return which 
would otherwise be dry- We call this arrange- 
ment the establishing of a false water-line, and 
the method practiced in doing the work is 




riff. 29, MethtKl df EstKblisblng i. Falsa Waier-Iine, 

clearly shown in Fig. 29. When the valve on 
the return (shown on sketch) is closed, the re- 
turn will be flooded to the height of the loop, 
as indicated by the upper dotted line, the por- 
tion of the return pipe in the imescavated see- 
tion of the building remaining full of water. 
Wlien it is necessary to drain the system, all 
water is expelled by the opening of this valve. 
Steam Badlator Connections. In order prop- 



imATING AND YENTILATION 



sr 



eriy to mBtall a steam-heating plant, it is neces- 
sary to know what method of connecting radi- 
ators is best to use according to varying circum- 
stances Biirronnding the installation. The oi-di- 
nary form of stiff radiator connection from a 




Tig. 30. stiff Badlator Ormnec- 



FlE. 31. StUT BAdla,tOr Ooimec- 
tioiL to Biser. 



main is shown in Fig- 30; the same from a riser, 
in Fig, 31- 

To allow for espausion, the radiator may be 
connected to the main by the style of branch 
shown in Fig, 32. When, in connecting a radi- 
ator to a riser, it is desii'ed to allow the pipe to 
expand in an upwaid or downward direction, 
the tee on the riser should be turned to the side, 
and a close nipple and elbow used in making the 
connection, as ilhistrated in J'ig. 33. 

A two-pipe method of radiator connection, 
of which there are several adaptationSf is shown 
in Fig. 34, If the riser ia to expand freely, the 
connection to the flow end of the radiator 
may be made as shown in Fig. 33. 

Radiators arc sometimes placed on the wall 
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of the basement below the main but above the 
water-line of the boiler; and for the purpose of 





Maif^ 



Two €Tpaws 







Fig. 32. B»dlmtor Ooniwcted to FU- 33. Btdlitor OotUMcUd to 
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Fig. 34, Two-Flpe EftdlfttoT OonnactfOtt. 

such usage, a type constructed of flat panel- 
shaped sections is employed- These forms are 
known as wall radiators, and the method of con- 
necting them is shown in Fig. 35. 

If it is d^ired to make this connection in 
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sut'h a mauner that the condensation from the 
maiu will pass through the pipe feeding but 
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Pis- 35. W&ll fiadlator u)d CoonsctiorLfi. 
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Ftff. 36. CoTUiflctioQ of Wall KodljitoT to Biser &a Afl to Freveiit 
OondeiisQtioii from Main PaaaiUff tluoogh BadltLtor, 

without going through the radiator, it should 
he attached as shown in Kig. •%, tht- branch 
being connected from the side or bottom of the 
main. 
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A little care exercised in the proper con- 
necting of the radiators will often ensure a per- 
fect working job. On the other hand, imprac- 
tical radiator connections on the system, even 
though the general piping plan of the job be 
good, will inevitably make a poor and imsatis- 
factory job of steam heating. 

HOT-WATEB HEATINO 

There are to-day in vogue several systems 
of heating by hot water, and yet only two gen- 
eral fundamental principles may be said to be 
involved in all the -various systems — namely, 
gravity and forced drculation. In the gravity 
systems, circulation is caused by the natural 
effect of gravity operating through the differ- 
ence in weight of the water in the flow or ascend- 
ing colxunn and that in the return or descending 
column — that is, the difference between the spe- 
cific gravities of the two colmnns, without which 
the water would not circulate. In the systems 
employing forced circulation, the water is driven 
or pumped through the system, the necessary 
power for this purpose being supplied by a cen- 
trifugal or rotary pump. 

Hot-water heating is most frequently used 
in this country for the warming of residences, 
although it is often adopted also in buildings of 
larger size. The gravity principle is the one 
commonly used in residence heating, by reason 
of the simplicity of its system and the ease of 
management it affords* It is in the larger class 
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of buildinga that the principle of forced circu- 
lation is generally piacticed, owing to the size 
of the apparatus and the consequent extreme 
length of the mains oi- lateral supply pipes, and 
also by reason of the further fact that with this 
style of installation it is usual to supply a large 
number of radiatoi-s from a siriffle riser. 

We shall dCBignatc tlio two methods as low- 
pressure iiml high-pressure. With the low- 
pressure — tlie metbod eonmiouly adopted — it 
is usual to carry the water in the syatem, in 
mild weather, at from 100'' to 125° F., increas- 
uig the temperature^ as the weather gets i^older 
to possibly 180"", which is the maximum degree 
allowed under the ordinary steam-fitter's test; 
in other words, the fitter is invariably asked to 
supply a heater and a sufficient amount of radi- 
ation to wai-m the huilding to 70° in the coldest 
weather, with the water at a temperature of 
not more than 180^ at the heater. With the 
later type of accelerated or assisted systems of 
gravity hot-water work, the temperature may 
be earned to 240'', this equaling a pressure of 
10 pounds on the system. 

The heater used for low-pressiu'e hot -water 
work is quite similar to the type of steam boiler 
ah-eady described, excepting that the steam 
space in the dome of the boiler is omitted in 
water constructions, and the internal waterways 
are sometimes (as they always should be) made 
smaller- The same featuies of construction 
essential to the production of a good, efRcient 
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>Gv«iu boiler must necessarily be included to se- 
vuiv a s^khI hot-water heater. The circulation 
^tt iW water within the heater itself should be 
fiM^lxvt^ throughout, and as nearly vertical as 

IVr^* an^ three general methods of piping 
ywi4<\vtHl in the installation of low-pre^mre 
Ik^ water work — namely, the ordinary two-pipe 
tyvtrait the overhead system^ and the circuit sys- 
whirh are described in detail in succeeding 



't\» the steam-fitter or mechanic about to in- 
rtall H low-pressure system, a few words of cau- 
\Wx\ ret;»nl]iig some features surrounding the 
Wtfk art* atUnsable: 

Vif^U i\w ffri'atest care ahonld be exercised in properly 
fMilUlit tht« piping as to size and pitch. 

HtHHHul^ it iH of the utmost importance that the proper 
t>|^^ i^f pi)H« roimi^ction be used at each print on the pip- 
mif, t\*T it IN an (»ld axiom among heating men that "as a 
viVt^Ualitiii IN once established, so will it continue/* For 
tt\Miitjiti\ if cither one of two radiators supplied from 
lktii MAiiut pipe connection should receive the fuU circula- 
lUut, the oIIht would be "robbed^' of its supply and 
Ihevi'by prcvmitrd from doing its share of the work; and 
\\\\n iiiiMHliNfactory condition will continue until the form 
\\t tinntiei'tiim h* changed. 

Ilijrd, iirovision must be made for extracting any ac- 
(mitnilnlion of air from the system, and for keeping the 
ii,v»h'iii alwayn as free as possible from air, which is 
h^lfMhli^ii tw tlie arch enemy of the heating man. A pipe 
ttr rmllitlor oir-bound is out of active service, as water 
will iMtl r'irciilnic through any portions of the system In 
thin cMinllllnn. 
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In view uf the above information, it is ini- 
I>08sibl(; to give too much care and attention to 
the usage of the vaiious foi-ms tor connecting 
and venting the expansion tank and the radi- 
ators on a system of hot-water heating. 

To estimate the amount of direct hot-water 
radiation required to heat a building properly, 
proceed exactly in the manner ali^eady described 
for determining the quantity of radiation neeee- 
aary for steam heating; and to the result ob- 
tained according to that rule, add 60 per cent. 
For example, suppose we find that 450 square 
feet of steam radiation would be required on 
the installation. Then, 60 per cent of 450 is 
450X-60--270- Adding this to the 450, we have 
450+270=720, That is, 720 square feet of di- 
rect hot' water radiation will be needed to do the 
same work. 

When providing for indirect radiation in 
hot-water heating work, it is necessary to figure 
stilt stronger in proportion than on a steam job, 
and 75 per cent shoukl be added to the amount 
uf direct steam radiation in order to determine 
the square feet of indirect hot-water radiation 
required to do the same work. 

To caleulate the size of heater required for 
hot water, proceed in exactly the same manner 
as before described for determining size of steam 
boiler. 

Note that for a eteam-heating plant we use 
the term '*EoiIer'^ to designate the aonrce of 
heat supply, as distinguished from the terra 
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"Heater'^ for a hot-water apparatus. The dis- 
tmction is made because of the fact that in gen- 
erating steam we must *'boil" the water; while 
for hot-water heating we do not boil the supply, 
but simply "heat" it, 

Two-Pipe System. The two-pipe or double- 
main system is the ordinary or common style of 
piping adopted for hot-water heating. It is the 
oldest of the several methods to-day in general 
use; and notwithstanding the fact that many 
new ideas in hot-water circulation have been 
evolved from time to time, the two-pipe system 
is still the most favored plan of piping practiced 
on a hot-water job. 

New ideas applied in the installation of this 
system, including revised methods of making the 
various pipe connections, have vastly improved 
its operation* Some years ago it was the gen- 
eral custom, when erecting such work, to xise a 
large number of flow pipes — one independent 
supply to each group of radiators, with a cor- 
responding separate return pipe — with the re- 
sult that frequently as many as ten or twelve 
1^-inch or 2-ineh flow and retxun pipes were 
run on a residence job of ordinary size. 

Experience has shown that the amount of 
friction in one large pipe is much less than that 
encoimtered in the number of small pipes neces- 
sary to afford the same area; and as a result, we 
now seldom use more than two flow pipes of the 
proper size on a job of average proportions. To 
get the best service from a given amount of fuel, 
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it is necessary that friction in circulation be 
reduced to a minimum. 

The flow pipe or pipes are started at a point 
above the heater, from such a height as will 
allow of an upward pitch to the main or mains 
to the extreme end of the system. The degree of 
this pitch should approximate one inch for each 
ten feet of length; and each branch from the 
main should pitch up from the main one inch in 
each five feet of length- Each flow pipe when 
starting from the heater is of a size sufficient to 
feed all of the branches supplied by it; and each 
such supply is gi'adually reduced in size as the 
various branches are connected, until, at the end 
of the line, it is but one size larger than the riser 
or radiator connection which it feeds, 

Pig. 37 is an elevation of a two-pipe system. 
The main flow and returns are nm parallel to 
one another, with a sufficient distance between 
the pipes to admit of applying pipe covering. 
The branches, as a rule, are taken from the main 
by the use of the 45-dcgree connection, in the 
same maimer as for one-pipe steam work, 
although, when a branch supplies only upper 
floor radiators, it is good practice to take the 
line from the side of the main. As a iiile, the 
retimi branches should be connected into the 
side of the main return. 

It was a former practice of many fitters to 
take the branches from the top of the main; but, 
since each direct right-angle turn as afforded by 
a 90-degree elbow and top main connection in- 
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creases tlie friction in the circulation, this 
method has been largely discontinued. The gen- 
eral view of this system shown In the basement 
plan of piping, Fig- 38, will possibly pi-ove more 
clearly iUnstrative of the system- The course of 




Ftg, 38h Bvenent FIelq of Plplnff In Two-Flpo Srsbem of Hot- 

the eireulation is indicated by the arrows, which 
show the supply of hot water fram the heater 
flowing towards the radiators, and the cooler 
return water flowing back to the heater to be 
reheated, 

Heating pngineers are agreed on the point 
that the hotter the water when it returns to the 
heater, the more quickly the supply ia reheated 
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and again put in circulation through the flow 
pipes. Therefore, to the owner, this heated con- 
dition of the return water affords increased efB- 
ciency and economy in comparison with an ap- 
paratus in which, owing to a poor arrangement 
of piping, the flow is so retarded as effectually to 
cool the water while traversing the system. 

As water is heated from 40° to 212'' it ex- 
pands, gradually becoming more bulky, the 
degree of expansion approximating one twenty- 
fifth of its volume. When used for heating, it is 
necessary to provide some means whereby the 
supply may freely expand and contract without 
admitting air to the system. To provide for 
this condition, a small tank, called an expan- 
sion tank, is used, in which the water may rise 
and fall without in any way interfering with 
the heating system. This receptacle should be 
located at a point not less than three feet above 
the top of the highest radiator, and it may be 
connected to the return pipe from one of these 
highest radiators, or directly into the return at 
the heater. The pipe connection from the tank 
to the apparatus is called ^e expansion pipe 
or e^iansion line. A vent pipe, which is usually 
taken through the roof of the building, must 
also be carried from the top of the tank to the 
atmosphere, this outlet providing a necessary 
overflow. 

E^Minsion Tank ConnectionB. Of the three 
distinct methods of connecting the tank, Fig. 
39 shows the one most commonly adopted- This 
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method does not provide for the wanning or the 
circulating of tiie water in the tank; and there- 
fore, when this type of connection is used, it ia 
always advisable to pla^^e the tank in a warm 
room or protected position, in order to prevent 
freezing and a consequent sealing of the system, 
which might result in the generation of an esces- 
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Tig. 39> Conuiicia Method of 

Connecting an ExpaaaioTi 

Tank. 
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Pig, 40. EspanHlon Tank Oon- 

naetiCQ to Provide Clrcol&tlon 

Of Hot Wator uid Prevent 

FteeEiiiff, 

sive prDssm-e likely to canae an explosion or 
sinii]ar injury to the plant. 

Fig. 40 shows the method practiced for cir- 
cidating the hot water to the tank, this connec- 
tion being employed when the expansion pipe 
runs through a cold wall or i"ooni, with a eonse- 
<iuent liability to fiTczing, 

When it is necessary to place the tank in a 
cold spot, some provision shoidd always be made 
for circulating the water within it. One method 
of accomplishing this result is illustrated in Fig, 
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41. A tank connected in this manner has no 
possible chance of freezing. 

Expansion tanks are made in certain stand- 
ard sizes. Table IV shows the sizes and capaci- 
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Fig. 41, Method of Ooimectliig an £rpuulon Tank to FroTldo 
Oiicnlatlon and Obvlato All Danger of Froezlng, 

ties of different tanks and the proper size to 
use for certain specified work. 

Frequently it is desired to arrange the ap- 
]3aratiis so that hot water may be drawn from 
the system in an advantageous manner. In 
such a case, if the regular form of tank wer<' 
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used, there would be danger of lowering the 
water below the top of the highest radiators, 
thus admitting air and blocking the circulation. 
To provide a suitable arrangement whereby a 
supply of hot water can be frequently drained 
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Tig. 12. AntomMic Expaueion Tank Allowing Dra-oritig-0£t of Hot 
Water from the Syetem. 

from the system without sufEeiing the above dis- 
advantage, an automatic tank of the type shown 
in Fig. 42 should be attached to the plant. The 
water supply to this tank is controlled by a ball- 
eock and float, which in operation admit water 
to the sj^tem as rapidly as any quantity is drawn 
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riffi 13. Ordlnur Hvthod of Oomuctlnff % Eat-Wat«r Badlttor to 
Flow «Dd Itetnm MaIha. 

from it, the action being quite similar to that of 
the ordinary closet tank. No water-gauge is re- 
quired on a tank of this character; and as the 
top is open, a vent is not necessary. 







Tig, 44. OoonAcUom of Flrst-HooT Hot-Wfttei Bftdl»tor vhen 
Bnmcb Fooda Also » Bisar. 
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Hot ' Water Radiator Connections. The 
QBage of the double-swing or cspanaion joint, to 
^Thich atteution was called in discusaing the con- 
nection for steam radiators, is not necessary in 
connecting a hot-water radiator; in fact, this 
type of connection is harmful, owing to the in- 
creased friction caused by the employment <>? 
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Fls- IS. ShOTtDg Hgv Ttird-FtooT Hot-Water Eadlntor Is Oon- 
sected to Side of Blaei FcedlDg SeooDd-Ploor Badiatoi. 

the extra elbows. Pig. 43 shows the ordinary 
method of joining a hot-water radiator to the 
flow and rctui'n mains, this connection being 
made in as direct a manner as possible. 

When a branch feeds a fiist-floor radiator 
and a riser, the connection is made as shown in 
Fig- 44. 

Where a second-floor radiator and a nser to 
floor above are connected, the third-floor riser is 
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Fig. 46. Two B«dlKton on Bvno Floor Fod iiy % Common Umi — 
Idjgor B4dl&tor Oonnocted to Top, ind SmAllar to Sldo of KIbat. 

taken from the side of the one supplying the 
second-floor surface, as illustrated in Fig. 45- 
Note the application of the reducing tees on the 
riser. 




riff. 47. O. B. Dlstntmting Fitting. 

When two radiatora on the same floor ai-e 
fod by a riser, the larger one should be supplied 
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from the top of the riser, and the smaller radi- 
ator from tlie aide of the risei\ as shown in 
Fig. 46. 




y aaftilin^ 



Fie. 48. Method of ApplyioB O, 8, DistribuUag FittlUfS to &lAerD. 

llie reason why the conncf^fions ai-e made in 
Lhe manner shown hy the various illustrations^ 
13 that hot water in circuJation has a tendency 
to flow quickly to the top of the system, and, by 
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taking risers to upper floors fi'om the side of the 
riser wliiirh feeds them, there is a tendency somt.*- 
what to choke or impede the flow to upper 
floors, this ariungcment thereby helping all 
radiatoi-s on the system to circulate everdy 
throughout, 

A special fitting for nse on risers, to distrib- 
ute to each floor ita proper share of the circula- 
tion, is kuown as tlie O. S, distributing fittings 
illustrated in Fig, 47- The curved baffie-plate 
ahown in the center of the fitting effectively 
divides the flow without friction. The manner 
of applying this flttiug for use on risei'S is indi- 
cated in Fig- ^, and the ueat appearance it 
affords will readily be noted- 
Overhead System- The overhead system of 
hot-water heating is, in many respects, not un- 
like the overhead system of steam heating. The 
water is carried to the attic of the building, 
usually through a single pipe. The top of this 
main riser is the high i>oint of the sj'stcm; and 
from the fitting on this extreme end, the con- 
nection to the expansion tank is made- As the 
different pipes pitch upward to this point, all 
air in the system is here coUceted, whence it 
passes to the atmosphere through the expansion 
tank vent. By reason of this action, no air- 
valves arc necessary on the radiators or on any 
other part of the system- 
Fig, 49 will give a veiy clear idea of the 
adaptation of the system. At or from the top 
of the main riser, the various attic mains are 
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cotmected. These pitch down from the main 
riser, being run in the most conTCnient manner 
to supply the various drop pipes, which in turn 
feed the radiators on the several floors. Refer- 
ence to the illustration will show several meth- 
ods of connecting the radiators to the drop sup- 
ply pipes. The one taken directly from the drop 
supply to the top of the radiator is the method 
most frequently used. By the usage of this top 
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Flf. 6C. Brancli Otniiwctloii to Fig. 51. Bmneb Oozmection to 

Attle Main in Ore'riieul Attic Haln In OT«rbe&d^r>- 

SfBtMn of Hot-Water tem of Hot-Water 

HuUnc. HeatUtf. 

radiator connection, the cooler water at the bot- 
tom of the radiator is returned into the drop 
supply pipe. 

It is customary to carry the basement return 
pipes along the ceiling, connecting them together 
into the main return pipes in much the same 
manner as the supply branches of a one-pipe 
steam job are connected, with the exception that 
the hot-water return branches are connected into 
the side of the main returns. 

If the radiators are required in the basement, 
it is necessary with this system, that the returns 
be carried back to the heater along the basement 
floor. 
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The branches in the attic are taken from the 
side of the main as indicated in Fig, 50, or from 
the bottom of the main at an angle of 45 degrees 
as shown in Mg. 51, inasmuch as cotmections 
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ng> 62. Ubb of Bas* Elbow to Sappoit Main Eiaar In OrAibttd 
gystom of Hot'WAter Heatliis. 

made in this manner prevent the formation of 
air pockets in the piping. The main riser should 
be supported either on a brick or stone pier or 
on a substantial wall in the basement, in order 
to prevent the sagging likely to be caused from 
the excessive weight it carries, A special elbow 
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called a base elbow should be applied at the bot- 
tom in the manner illustrated in Kg. 52. 

To insure a neat-appearing job and at the 
same time afford the desired flexibility to the 
risers, the radiators should be connected with 
swing joints. With connections of this nature* 
the drop supply may be run close to the wall or 
partition, and nipples of such length used in the 





Fig. 63, 



Fig. 54. 



PUD tnd Eloratitm of BadlAtor Oonnvctad with Swing Joint to 
Bl«er to Allow for Eipuulon — Oveth«ad Srvtom of Bxft- 

Wat«r HMtlng. 

tees as will bring the centers of the elbows on a 
line with the centers of the openings in the radi- 
ators. A plan and elevation of this type of 
connection are shown respectively in Figs. 
53 and 54. 

The employment of the "O, S." fittings (de- 
scribed above) on the drop supply, in place of 
ordinary tees, will materially lessen the friction 
and divide the circulation to better advantage. 
The upper fitting in each instance is reversed, 
as indicated in Pig. 55. 
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Like the overhead steam system, the over- 
head hot-water system is especially adapted to 
large buildings where each drop may supply a 
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Fig. 55. Method of Uslllff O. S. Fittings to leiMn FrletiDlt ud 
Divide GIrctdatloD in OverbsAd System of Hot-Wator HaatJng. 

line of radiators on the various floors below. It 
is pai'ticularly positive in circulation, owing to 
the pressure developed by the weight of the 
water. 
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Circuit or Single-Ualn System. The one- 
pipe circuit BTstem of hot-water heating has 
been widely used in America, particularly 
throughout the Western and Middle Western 
States, having found favor among many heating 
contractors and engineers; and while there is 




T\g. Kf CfrcQlt or fllnglaJtfAlii Byvtem. of Hot-Water Eeatliuf. 

much that can be said in approval of this sys- 
tem, the elimination of some of its present fea- 
tures would add greatly to the advantages 
derived. 

In this system a single pipe does the double 
duty of a flow and return main, in quite the same 
manner as a one-pipe steam main. Starting 
from the heater, this pipe rises to as high a point 
as the height of the cellar will pennit, whence 
it has a gradual fall or pitch from the heater — 
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approximately one inch in each tcu feet of 
length. The espaiisioD tank is connected from 
the high point of the main above the heater. 
The flow branches are taken from the top of the 
nmin, the returns from the radiators entering 
the main at the bottom and traveling in the same 
direction as the flow of hot water. The retm-n 
or cooler water, however, docs not mix with the 
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Soreka'^ Pitting) Used on Main ta Improve Qtrculatloii 
in Oltcuit Byatem of Hol-Wator Hoating. 

hot water, owing to the fact that as the hitter 
is lighter it hugs the top of the main. 

Fig. 5G gives a general idea of the construc- 
tion of this system and the manner of making 
connections to the radiators. There are several 
s]>ecial fittings which may be used on the main 
to improve the circulation, one of which — the 
*'Eureka" — is illustrated in Fig. 57, The broken 
view shows the interior arrangement providing 
for the return of the circulation into the main 
on its under side, thi-ough the bottom of the fit- 
ting, Fig. 58 shows a special style of tee having 
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top and side od a line, with outlets at the top 
and bottom; this device is known as the Phelps 
Ideal FittinjT' The O.S. Circuit Fitting is shown 
in Pig. 59. 

In Fig, 56, each of these special fittings is 
noted on the main; and we might say that one 
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riB. 59. O. 8, Glrcuit nttlliff. 

advantage gained by their use is that a single 
fitting, as in the case of the Eureka or Phelps 
type, takes care of both flow and return 
branches, thus overcoming additional pipe cut- 
ting and the threading of the large pipe, 

Aa the hottest water is that part of the sup- 
ply nearest the heater, it is well, if possible, to 
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^H feed Erst those radiators which are located on ^H 
^H the c^d or exposed side of the building; other- ^H 
^^M wise, should the main be of any considerable ^^M 
^H length, it will be necessary to increase the radi- ^H 
^H ation connected from the last teg of the circuit, ^H 
^^1 in order to obtain desired results in that portion ^^M 
^H of the building. ^H 
^H When heating a church or siniilar structure, ^H 
^^^^ the usage of a large proportion of the piping and ^^M 
^^^^ fittings which would necessarily be required on ^^M 
^H an ordinary' installation may be avoided by ^H 
^H adopting this system. Tnasmuch, however, as ^^| 
^^M residences are as a rule compactly built, the ^H 
^^B warming of homes can in general be better ^H 
^^^^ served with the two-pipe system. ^H 
^^^p Slsea of Mains for Hot- Water Work. The ^M 
^^^^ size of main necessary for an ordinary system ^H 
^H of hot-water beating depends upon the size of ^H 
^H all the different branches and the amo; of ^H 
^H radiation fed by each. Table V gives the mini- ^^M 
^H mimi and maximimi amounts of radiating but- ^H 
^H face which should be served by different sizes of ^H 
^H mains. ^^M 

^H TABLE V ^H 
^^M EidlaUon Btvptl«d by Bot-WAt«T Ifftina ^^H 


^^^1 Seu of Uahs 


AuDuST <^r EUPlAnoM Sttflibi, ^^^| 


^H 1^ 


1S5 tD ITn HO. ft ^^H 

17a 300 - ■' ^^H 

SCO " 476 " " ^^H 
4Tfi " 700 '■ •' ^^M 
700 " 1,000 *' " ^^H 

1,000 *■ ]<40o " -* ^^H 

I, too •■ l.TDO " - ^^H 

i,7Cio '* a.ooo ** " ^^H 
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^^^B Where the quantity of radiation is scattered ^| 
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^that ifl, composed of a large number of radi- 
ators — the size of main called for by the mini- 
mmn amoxmt is the proper one to select. Where 
the surface is compact, or divided into large 
units, the size indicated by the maximum amount 
is the correct main to use- With the gravity 
system of hot-water piping, open-tank generous- 
sized mains will afford the best service- 

For a circuit job of hot water, use the size 
of main indicated for the minimum amount of 
radiation in Table V. For example, for 475 
square feet of radiation, use a 3-inch main; for 
1,000 square feet of radiation, a 4-inch main; 
and so on. 

Pressure Systems of Hot- Water Heating. 
Heating by means of a forced circulation of hot 
water is not in general use in America. When 
adopted, it is principally in connection with large 
buildings, and in such installations many meth- 
ods are employed. In numerous instances, hot- 
water installations have been under a pressure 
of from ten to fifteen pounds by the application 
of a safety-valve on the expansion t£mk, set to 
operate at this desired pressure. There is, how- 
ever, an element of danger in this practice, for 
if the mechanism of the safety-valve should stick 
or for any reason fail to operate, an explosion 
of more or less disastrous consequences would 
in all probability result. Because of the risk 
involved, this practice, fortunately, has now 
been largely discontinued, especially since sev- 
eral mercurial devices have been placed on the 
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market which permit of the system carrying a 
pressure of eight or ten pounds without incur- 
ring any danger whatever. 

On large installations where high-pressure 
steam boilers ai'e used for manufactui-ing or 
mechanical pui'poses, certain systems of heat- 
ing by a forced circulation of hot water can be 
adopted with good success. The principle in- 
volved requires a pumping of the return water 
through one or more heaters in which exhaust 
or live steam is employed for heating, the hot 
water being forced through the heating system 
by the pump, which ma^' be of either the rotary 
or centrifugal type. Where plenty of exhaust 
steam can be obtained for the pm-pose, there is 
little or no expense in connection with this style 
of heating. The available heat units in the es- 
liaust, after heating all necessary feed-water 
for the boiler, represent probably 80 per cent of 
its original value; in other words, with an allow- 
ance of 5 per cent for the rcquiiements of the 
engine^ and 15 per cent for the feed-water 
heater, there is left available for heating pur- 
poses probably 80 per cout of the heat units in 
the steam generated at the boiler. Where tliis 
proportion is not sufficient, live steam at a re- 
duced pressure may be mixed with the exhaxist 
in order to provide power to meet the require- 
ments of the work. The pump receives the 
cooler return water, and forces it through the 
heater at a velocity of from 250 to 300 feet per 
minute, and at a temperature of about 200°. 



SB heahnq and ventilation 

Accelerated Systems of Hot- Water Heating. 
Systems of hot-water heating involTing the use 
of special devices for accelerating the circula- 
tion of the hot water, have in recent years come 
into rapidly inereasing popularity. The older 
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of these special appliances for accelerating cir- 
culation are the Phelps Heat-Setainer, the 
Honeywell Generator, and the Fierce Heat- 
Economixer, 

The Phelps Heat Betainer, illustrated in Fig, 
60, consists of a double-acting valve enclosed 
within an iron box which is placed on the ex- 
pansion pipe between the tank and the heating 
system. The valve disc, opening toward the 
expansion tank, is weighted, the weight being 
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so adjusted that when 
the pressure on the sys- 
tem reaches about IG^/i 
pounds it is lifted, caiis- 
ing the valve to operate, 
which^ in its action, re- 
lieves the pressure, al- 
lowing the increased 
buUt of the water to en- 
ter the expansion tank. 
The opposite end of 
the vaJve opens toward 
the heating system; and 
as this is not equipped 
with a weight, the water 
in the tank flows down 
into the heating system 
unchecked as soon as the 
pressure on the valve is 
removed, this action 
keeping the system full 
of water and free from 
the formation of a vac- 
uum. The pressure of 
I6V2 pounds represents 
a temperatuie in the 
water of about 250 de- 
grees. 

The Honeywell gen- 
erator and the Pierce 
heat - economizer are 




Fig. 61. Cn)BE-8fl(ttoil Of 
HmieyireU Oeoeratar. 
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mercmy appliances eomewhat smular to each 
other in construction and operation. Fig. 61 
is a cross-section of a Honeywell generator. 
At the top is the elliptical-shaped casting A, 
^hich is connected to the bottle-shaped casting 




Fig. 62. HonerweU G«nmtor Xiocated Directly under EzpuiaioQ 

Tuk. 

B by the pipe C, This pipe extends almost 
to the bottom of the generator, terminat- 
ing in the cup-shaped shoe D. A smaller 
pipe E, curved at the bottom to fit into an 
orifice in the side of the shoe S, passes up 
through the center of the pipe C, the two 
pipes being of equaj height at the top. The plug 
F screws into the bottom of the caating B, 
making it entirely tight, except for the side 
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Fiff. 63. Honeyvrell Ofinentor Located In Baramenl and ConDected 
Willi Setatn Ptpo to Hoatar. 
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Opening 6, into which the expansion line from 
the heating system is connected. There is also 
a small opening at H which is sealed. The plug 
here can he removed, and the generator drained 
of all water, without disturbing the mercury 
which fills the bottom of the casting B to the 
depth of about V^ inches. The dash line shows 
the height of mercury when the water is cold 
and there is no fire in the heater. 

The generator may be located directly under 
the expansion tank, as illustrated in Fig, 62, or 
it may be placed in the basement near the rear 
of the heater, and from here connected with the 
return pipe, as shown in Fig. 63. Of the two» 
this latter position is the one preferred. In the 
event of such location, the expansion pipe is 
connected from the top of the generator, whence 
it rises to the ceiling of the basement, and is car- 
ried along imtil a point is reached where it is 
convenient to rise to the expansion tank. 

The operation of the generator on a heating 
system can be described as follows: Ahnost as 
soon as the fire is started, the water in the sys- 
tem begins to expand, the expansion through 
the opening G (Kg- 61) pressing down on the 
mercury in the bottom of the generator. As the 
power of the expansion continues to increase, 
the supply of mercury is forced up the stand- 
pipe C and the small circulating pipe E. The 
mercury in the bottom of the generator is low- 
ered to the top side of the inlet in the shoe of 
the circulating pipe E. At this point the mer- 
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cury will have reached the top of both the outer 
standpipe and the circulating tubej and the 
water, having forced it below the opetdng of the 
circulating pipe E, will itself enter and pass 
through this pipe^ caiTjing a 
quantity of mercury with it. 
When the water and mercury 
reach the top of this pipe, the 
water will pass around the dia- 
phi-agm or deflector in the top 
of the casting A, and out 
through the expansion tank; 
while the mercury, owing to its 
density being far greater than 
that of the water, wiU separate 
itaelf at the top of pipe E, and 
return to the bottom of the 
generator through pipe C, 
maintaining a constant circu- 
lation through the generator, 
in this manner acting quite 
similarly to a balanced valve. 

The amount of mercury in 
the generator is sufficient to H^avBconomjM. 
hold the pressure to about 10 pounds, or to a 
temperature of 240° R^ without permitting a 
boiling of the water in the system. The deflector 
or baffle-plate in the top of casting A prevents 
loss of mercury when the apparatus is filled from 
eity pressure, or in case a boiling of the water 
arises in the syatein. 
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The Fierce heat-econominr, Fig, 64, is not 
unlike the Honeywell generator. The principle 
involved in its construction — two pipes, one 
within the other, the outer pipe connecting the 
top casting (which is provided with deflectors 
cast on the inside), with the lower casting hold* 
ing the mercury — is quite the same as that found 
in the similar appliance already described. 

Many are the advantages derived from the 
use of any one of these appliances. Owing to 
the increase in the range of temperature it 
affords (up to 240°), the amount of radiating 
surface required should be about ten per cent 
less than that needed in the regular gravity sys* 
tern, and, where other surrounding conditions 
are favorable, it may be reduced fifteen or 
twenty per cent. 

The increased pressure generated more than 
doubles the velocity of the circulation- Its usage 
permits of smaller-sized supply and return pipes 
and of reduced radiator tappings, consequently 
allowing of the use of smaller valves and fittings, 
and substantially reducing the cost of materials 
as well as the labor of installation. 

The attachment of an accelerating appliance 
eliminates practically fifteen per cent of the 
water from the system, causing it to respond 
more quickly; and moreover, its use saves a pro- 
portionately large amount of fuel, A large pro- 
portion of hot-water work to-day is erected 
according to such plans. 

Piping for Accelerated Systems, Installa- 
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tions of accelerated systems call for radical 
changes in the method of making pipe connec- 
tions. Owing to the small sizes of the piping, 




Fig, 6& Branch Pipe CoxmsctioiiB for Acce]era.t«d Bytwna, 

it is advisable to take all branches from the eido 
of the main and to have them enter the side of 
the return, as shown in Fig- 65. The hot water 
will then flow to the end of each line before en- 
tering the branches, for, as pre\iously stated, 
the heated portion of the water always hugs the 




Fig' 66^ Branch Coanet^tlona far PlEln^ in Accsleratad SyBtams 
EuimiDE Directly to DFpcr Floars. 

top of the main and each branch will receive ite 
proper supply of hot water at about the same 
time. There are some modifications of this 
method, however, For example, when a branch 
near the heater feeds a riser to the upper flooi-s 
without supplying a first-floor radiator, it is 
sometimes advisable to make the connection to 
the branch from the bottom of the main, as 
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^H shown in !Fig. 66. No riser should be taken from ^H 
^^M the end of a main, if such a counection can pos- ^H 
^H sihly be avoided. Take the connection to Qrst- ^H 
^H door radiator from the end of a main, and the ^H 
^H branch to riser from the side of this connection^ ^H 
^^1 Figs. 67 and 68 show two methods of accomplish- ^H 
^H ing this, either one of which may be followed ^H 
^H with success^ In feeding basement radiatoi*s of ^H 
^H either the direct or indirect pattern (described ^H 
^H later), the supply should be taken fiom a riser ^H 
^H at some point above the ceiling of the first floor; ^H 
^H and the radiators should be fed from overhead ^H 
^^1 by this drop pipe, as illustrated in Fig. 69. ^H 
^H For accelerated systems the radiator tap- ^H 
^H pings are much smaller than with the usual in- ^H 
^H stallations. Table VI, showing the difference, ^H 
^H will serve as a guide, ^H 

^^M TABLE VI ^^M 
^^^^^^ BAdiotor Tu^\n^ fox Acc«leraUd SpTtems ot Hot-Wftter Haatln^ ^^^| 
^^^H HBST FLOOR ^H 


^^^^^^H or FtADUToa 


Tir^'tHO ^^H 


^^V Up to ^S vjL tt- 




^H BECOND FLOOR ^H 






^^^B <3« .. i . 




^^F TH1KDT7.00R ^^| 




,^"r^ ■ 






^^^^P Although the radiation, with the accelerated ^H 
^ system, may properly be reduced ten per cent, ^H 
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^H the beater installed should be of the same size ^H 
^H as that required if placed on au open gravity ^H 
^H system. It is cousidcred good practice in cou- ^H 
^H nection with an accelerated system, to figure on ^^M 
^H the use of a beater having a rating fifty per cent ^^M 
^H larger than the aetual square feet in cast-iron ^^| 
^H radiation on the job, lEiakingthe usual allowance ^^M 
^H for indirect or direct-indirect radiation. ^H 
^H The mains should havG an ai*ea of approxi- ^H 
^H mately 100 square inches for each 1(XJ square ^H 
^^m feet in Hirect radiators supplied^ and all branches ^H 
^H should be of the same size pipe as the risei-s ^H 
^H which they feed, with the exception that when a ^H 
^H branch of extended length is taken from near ^H 
^H the end of an extremely long main, the branch ^H 
^H should he one size larger than the riser. Table ^H 
^H Vn gives the sizes of mains required to supply ^H 
^H varying amounts of radiating surface under the ^^M 
^^^^^ accelerated Bysteiu. ^^M 

^^^V TASLB vn ^H 

^ aUei of BfAlni for Accelerated Hot-Watar Heating ^^H 


^^H BiEB or Main 


S^i'Aiii Teet or ^^^1 




Id SDU ^^H 

400 In eOU ^^^H 
0<Ht la i.vwr ^^^M 

l.miO tu 1,41HJ ^^^1 


■ i^V 


^H 




^H fig. 70 shows a plan of a small accelerated ^H 
^H job of thirteen radiators, with the sizes of flow ^H 
^^1 and return mains, branches, radiators^ and ^^M 
^^P valves mai'ked- For convenience in illustrating, ^^M 
^H^ the piping is shown on the first-fioor plan. ^H 
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The oblique lines denote risers to second-floor 
radiators. 

The success attained by the use of these sev- 
eral original methods of accelerated hot-water 
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fr^jn reiurn ofhi^ raJiator 
Fig. 71. Soctton of Hjdro-Vftcmun OfrcnUtor 

heating has led to the placing upon the market 
of several new appliances, all aiming to *'a8sist'* 
the circulation in the apparatus. One such de- 
vice called the Hydro-Tacumn Circulator con- 
sists of a pop safety-valve enclosed within a 
housing, the attachment being placed upon the 
expansion pipe. Fig. 71 is a sectional view of 
the appliance, showing the pop valve referred 
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to, the seat of which is held in position by a 
metal diaphragm, verj^ thin and as resilient as a 
rubber cushion. The contraction of the water 
in cooling produces a puU (created by vacuum) 




Pig. 72. 



MawantPB Heat-Oeneritor 



ComtJlned with EzpauBloa 



on the under side of the diaphragm, which force, 
together with the weight of water in the espan- 
aion tank and in the pipe above, opens the valve 
by depressing the seat, thereby allowing the 
water in the tank to enter the heating system. 
As a safeguard against a possible sticking of the 
valve, the straightway ^mssage through the cir- 
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culAtor is closed, as shown in the illustration, hy 
a disc of amber mica which will break under a 
pressure of about twenty pounds. This pro- 
vision thereby makes it impossible to accumu- 
late a dangerous pressure on the system. 

Another device for accelerating circulation 
by pressure is the Uilwaukee Heat-06nerator, 
a mercury appliance contained within the expan- 
sion tank, as illustrated in Fig. 72. A mercuiy- 
pot is held suspended within the center of the 
tank, by a pipe which screws into an opening at 
the top end of the tank; and a round separating 
chamber is screwed on the top end of this tank. 
A small circulating pipe is contained within the 
larger one, the lower end being submerged in the 
mercury, from which it extends upward through 
the top opening of the tank into the separating 
chamber. The outer casing of pipe is provided 
with two holes at C C. 

The tank is filled to about one-quarter its 
capacity; and the water, expanding when heated, 
forms an air cushion at the top of the tank. The 
pressure entering the outer casing or pipe 
through the openings C C presses down upon 
the mercury, forcing it up to the circulating 
tube. When the mercury reaches the point 
marked G at the bottom of the separating cham- 
ber, there should be about ten pounds pressure 
on the system; and a further increase in tem- 
perature will cause the mercury to spill over or 
discharge at the top of the circulating pipe into 
the separating chamber, this action relieving the 
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pressure on the system. The mercury which in 
this manner finds its way into the separating 
chamber, then re-enters the circulating tube 
through the small openmg provided at G, and 
drops to the mercury-pot 

In Fig, 72, A A is the expansion pipe ; B, the 
nomia] height of water in the tank; C, the 
openings in the outer tube or casing mai'ked D; 
E, the mercm-y pot; F, the circulating tube; G, 
the opening in tube F at the bottom of the sepa- 
rating cliamher H; J J, the overflow and vent 
pipe; K, a plugged oi>ening for admitting the 
mercury to the device. 

There are other devices of a similar nature 
for accelerating hot-water cii'Culation; hut the 
descriptions of those ah-eady mentioned will give 
the reader an idea of the general construction 
and operation of practically ail other types- 

RADIATING SURFACES 

Radiating amfaees are to be had in a midti- 
tude of shapes and designs adapted to any de- 
sired space or location. They are manufactured 
of cast iron, wionght iron, and steel, and arc pro- 
duced either in the form of the ordinary type of 
column radiator or as pipe coils, 

In heating systems, both steam and hot- 
water, there are three varieties of radiation — 
namely, Direct» Direct- Indirect, and Indirect. 

Direct Radiators aie located directly in the 
room or apartment to be heated. They arc of 
the t>'pe illustrated iti Fig. 73. This form of 
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radiator and the pipe coils formerly installed 
for radiating purpofi€fl were unsightly, cumber- 
some objects; but as now manufactiured in a 
variety of beautiful designs, direct radiators are 




Tig. 73. 



Oommon Form of Direct Bftdlfttor for Steun or Hot 
Watar. 



an ornament to the room in which they are 
placed. Pipe coils at the present time are em- 
ployed only in the heating of factories or build- 
ings of similar nature- 

Direct-indirect radiators are placed in the 
same manner as direct radiators, but also ar- 
ranged with a box-base fitting under the lower 
part tightly. This box-base is provided with a 
damper; and an iron duct, connecting with an 
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aperture in the wall, conveys the air fi'om out- 
side the buildingj admitting the supply to the 
boxing below the radiator, from which it is 




Fig. 71. Hetbod of Icftalllzig Direct-Indirect BullAton. 

warmed by passing over the heated surface of 
the radiator. Fig, 74 illustrates this type of 
radiation, which is largely xised in buildings 
where it is necessary to provide specially for the 
admission of fresh air to assist in ventilation. 

Indirect radiators are located outside the 
room, usuallj' within a casing or bricked-in 
chamber in the basement. The pure cold air 
from without the building ia introduced or car- 
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ried to the radiator thiough a pipe atjled a cold- 
air duct, the Rupplj. after passing over and be- 
tween the surfaces of the radiator, being carried 
thi^ough another pipe conneetion styled a warm- 




rig. 75, Kethod of [nitJLlling Xndiret^t Radlaton. 

air duct to a register situated in tho floor or wall 
of the room to hr heated. 

Fig. 75 illustrates the method of "indirect" 
heating. Several radiator sections are screwed 
or nipplod together, and, when assembled, form 
a so-called stack of indirect radiation. Can? 
mubt be exereised in bosin;; or casing such a 
stack, as it is ncccsBary that the box or casing 
fit snugly against the stack in order to insure a. 
passage of the eold air tliroiigh the radiator and 
pitventa circulation around it. 

The cold-air duct should be pi'ovided with u 
suitable damper in order that the eold-air sup- 
ply nmy be controlled. It is customary to admit 
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tliG outside ail' at and below one end of the 
casing, taking the wann or heated supply from 
the top at the opposite end. 

The early methods of bricking a chamber for 
the use of iudirects ha'\'e been discai^ded in favor 
of portable boxings which may be constructed 
of matched boards lined with tin, or, better still, 
may consist of a easing made of galvanized ii'on. 
The easing should be of such depth that a space 
of at least eight inches will exist between it and 
the lower side of the stack^ and a space of ten or 
twelve inches between the top of the stack and 
the upper wall of the casing. The stack is 
usually supported on bai^s of iron or short 
k'ugths of %-iiieh or 1-incb pipe suspended fivjm 
the ceiling by hangers. 

Table VIII indicates the proper sizes of reg- 
isters and air ducts for indirect work. 

Pipe coils, while largely used as radiation for 
factory and greenhouse heating, arc seldom cm- 
ployed in house-heating work, by reason of the 
lai'ge auioimt of wall space they occupy. Quite 
frequently, in the early daj^s of steam heating, 
it was the practice to assemble a mass of pipe 
coils and box them in on the sides and ends by 
east-iron opeu-work or latticed panels, with a 
top either of cast iron or marble. Tiiis construc- 
tion was known as a box coil — a type of coil 
now seldom if ever used, because of its cumber- 
some appearance as well as its inefficiency. 

Coils of present-day use, while found in sev- 
eral forms, are of two general varieties — namely, 
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those made with return bends, as illustrated in 
Pig, 76; and those made with branch tees, or 



r 



Jf^fhirtf ^^nd^ 







Fl^ 76* Flpe-Call lUdiAtor vtth Betnm B«iidA— Flat or WaU CoiL 

manifolds, as illustrated in Figs. 77 and 78. The 

^im-bend coil of Fig. 76 is termed a flat or 

icill; that of Fig. 77, a branch-tee miter coil; 
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and that of Fig. 78, a corner coil. While there 
are other forms also to be found, those illustrated 
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Fig, 77, Eriui<:liTafi Mitar OoU, 
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Fl^H 7B. A Comer Coll. 

are the ones in common use. As it is customary 
to connect all coils on the two-pipe plan — that is, 
vntb a separate flow and return pipe — the con- 
structions will do equally well for both steam 
and hot water. 
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VALVES 

Kinds of Valves- Valves as used on steam 
or hot'water piping are of two principal vari- 
eties — ^namely, the globe or angle type, shown in 
Fig- 79; and the gate valve, shown in Fig- 80. 





OlObA VftlTtt. Angltt VAlVft. 

ng. 79. Typ^ of valTto. 
The former style is adapted for steam work> and, 
in its interior construction, has a valve-seat 
against which the disc is screwed when opening 
or closing the valve. By reason of the obstruc- 
tion encountered in the interior mechanism of 
the globe valve, it is unwise to place is in a verti- 
cal position on a horizontal pipe; and, when nec- 
essary to use a valve of this character on a pipe 
ran horizontally, it should be placed with its 
stem set horucoitally or pitching slightly down- 
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ward. Fig. 81» showing the interior of a globe 
valve with the stem set vertically* iUustrates 
elearly the difficulty arising from lodgment of 
the water of condensation- 

With the gate valve for either steam or hot 
water, a free opening through the valve ia se- 




nnas. Bteam Badlator V«lTe; 



Tig. 84. Hot-WatftT BwUator 

ValTV. 



cured, as will be noticed from the interior view, 
Mg, 80, Small globe and gate valves are usually 
made of brass; and sizes above 2-inch or 2V^-inchr 
ordinarily of iron, in some cases with brass trim- 
mings. Extra large valves are constructed with 
a yoke or saddle, as illustrated in Fig. 82, which 
provision adds greater strength and insures ease 
of operation, 

Badiator Valves. For iise on radiators or 
units of heating surface, the universal types of 
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valves are the steam radiator valve, Fig. 83, 
and the hot water radiator valve, Fig. 84. The 
farmer is of the angle tjfe, and ifi usually pro- 
vided with a union connection to facilitatt? join- 
ing with the radiator. The latter is also a form 
o£ angle valve, being termed a ''quick-opening'' 
valve from the fact that one-half turn of the 
stem either opens the poii: through the sleeve or 
closes it in like manner. This valve, too, is sup- 
plied u-ith a imion connection. 

Radiator valves, steam and hot water, are 
produced in a great multiplicity of designs, all 
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of them, however, heing intended to accomplish 
the purposes above set forth. 

Check Valves. "When it is neccssaiy that 
the supply of steam or water should flow always 
iu one direction only, a fonn of valve known as 
a check-valve is placed on the piping in order to 
pi-event any reverse circulation of the steam or 
water. Such appliances are manufactured in a 
variety of designs, the most common forms of 
which are illustrated in Fig. 85. 

Air- Valves. It is essential to free all parts 
of the heating system, including the various 
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unite of radiation, of the air which constantly 
accumulates in the upper portions of all surfaces 
of hot-water radiators, or which pockets in the 
piping owing to the fact that it is lighter than the 
water in circulation. In steam radiators or 
pipes, the air will settle toward the bottom of 
such surfaces, inasmuch as the accumulation is 
heavier than the supply of steam. 

There are numberless forms of valves manu- 
factxu'ed for the purpose of releasing air from 
heating systems. Some are styled positive^ re- 
quiring the operation by hand of a wheel, or of 
a stem with a key, in order to open or close the 
valve. Others are automatic in their operation, 
opening by contraction when cold or when the 
steam is removed from contact with them, and 
closing by expansion when the supply again 
reaches the valve, 

EEATING ACCESSOBIES 

A detailed description of all the various 
types of accessories or minor appliances used on 
heating work would require more space than 
is here available, and we shall therefore illus- 
trate and describe only those which are neces- 
sary to the completion and to the perfect 
working of the ordinary steam or hot-water 
heating apparatus- 
Steam Soiler Trimmings. There are cer- 
tain appliances which should always be placed 
on a boiler used for heating purposes. One of 
the most important of these is the water column 
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and gauge, J^ig. 86> for registering the height of 
water ill tho boiler. As ;i further safeguard in 
this respect, try-cocks or gauge-cocks are plaeetl 
un this water column in order to ]»rove the 




Fig- 86^ Water Column and aang«, 

height of water should the glass fi'om any cause 
hv broken, 

A steam gauge, Fig, 87^ should be attached to 
every steam boilei'. The gauges used are ordi- 
narily of the Bourdon type, and consist of a hol- 
low tube bent into circular form* One end ia 
attached to an opening in the bottom of the 
gauge to whieh the steam supply is eonneetftd. 
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The free end of the tube is attached by gearing 
to a pin operating the hand or pointer^ which 
moves across the dial shown on the face of the 




Fig. 87, Btaun Gioge, 

gauge as the pressure on the interior tube 
straightens it, by this action indicating the 
pres3iu*e carried in pounds. 

A steam boiler should invariably be fitted 
with an automatic damper-regulator, which 




Flff. 88, Commoti Form of Antomfttlc DampAr-Ksgnlator. 

opens or closes its draught doors according to 
the pressure of steam on the boiler. This attach- 
ment may be so set as to cause the draught door 
to remain closed and the check door open, or 
80 that a certain pressure of steam will operate 
both doors automatically. In the construction 
of this regulator, usually two castings in form 
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resembling an old-fashioned soup plate are 
bolted together, with a rubber diaphragm be- 
tween. The pot thns formed is connected 
to the boiler in eiich a manner that the dia- 
phragm receives the pressure of steam against 
its lower side, raising its center against a plun- 
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ger inserted through an opening in the top 
easting or half of the pot. A rod bolted to this 
plunger is also attached to a lip on the outer 
edge of the upper casting, thereby forming a 
lever which operates the draught and check 
doors by ehains counected to them from the ends 
of the rod. A sliding weight placed on this lever 
rod may be moved to regulate the pressure at 
which the device will operate. Fig, 88 shows 
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the common form of this automatic dampei'- 
regulator. 

j\s a matter of safety, and to provide against 
possible danger or damage to the boiler from 
the generation of an excessive pressure, all 
steam boilers should be fitted with a proper 
safety-valve. Such valves are all practically 
built on the same principle, consisting of a valve 
seated in such a manner as to open outward, 
the disc being held in place by a weight or 
spring. There are three varieties in common 
use — the lever safety-valve; the spring or pop 
safety-valve; and the weighted valve, the latter 
consisting usually of an ordinary style of valve 
with disc and seat, the disc being held in place 
against the pressure of steam by a ball weight 
mounted on top of the stem, the balls provided 
being of various weights according to the pres- 
sure it is desired to carry. The spring "pop" 
valve, Fig. 89, is the type used on low-pressure 
heating boilei's to a greater estent than any 
other variety. 

Kaeh of the three types of safety-valve per- 
ffums the same function. When the pressure of 
steam on the apparatus increases beyond the 
point at which the weight or spring of the valve 
will overcome its force, the disc is automatically 
raised ft'om the valve-seat, and the excess of 
steam is thereby allowed to escape to the atmos- 
phere, after which the weight or spring again 
closes the valve. 

Hot-water heaters are provided with a 
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special form of thermometer, as shown in Fig- 
90, for indicating the temperature of the water 
in the heating system, and also with an altitude 




Fis. 91. Altitude GaUEQ for HO^WAte^ Heaiinfi System. 

gauge, Fig, 91^ which indicates at the heater the 
height of the water in the sytem, 

THE CHIMNET FLUE 

In the construction of a building, there is 
one featui'e or paii. of it the efficiency of which 
is frequently overlooked or given but scant 
attention. We refer to the chimney flue. The 
perfect working of any one of the various types 
of modem heating apparatus depends largely 
upon the character of the chimney to which it 
is attached; and it is probable that ninety per 
cent of the failures of such apparatus to heat 
proi>erly (when a heater of sufficient size and 
the proper amount of radiating surface are pro- 
vided) are directly traceable to the chimney. A 
knowledge of tiie essential features to be con- 
sidered in chimney building is therefore of the 
utmost importance. 

Aside from the outlet at the top, the chim- 
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ney used with anj heating apparatus should 
bare no opening except that required to con- 
nect the smoke-pipe of the heater. This opening 
should conform in size to the smoke connection 
cm the heater. All manufacturers of furnaces, 
steam boilers, and hot-water heaters are care- 
ful to indicate the size of smoke connection best 
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adapted to the use of a certain size of heater, 
and this specified size should never be reduced. 

The flue should start but a few inches below 
the smoke-pipe opening, the part of the chim- 
ney beneath being constructed solid up to this 
point. Smoke in ascending a flue travels in a 
spiral form against the pressure of the atmos- 
phere^ and will not rise until the air in the flue 
is sufficiently lightened by expansion to over- 
come this pressure, when it will be forced 
upward by the circulation caused by opening a 
draught door below the grate of the heater. 

Flues are built round, square, and oblong; 
and the degree of efficiency of the three different 
styles is indicated in the order named. A brick 
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flue with a round tile or iron lining, as illua- 
trated in Fig, 92, is, without doubt, the best that 
can be produced, as the heated gases and smoke 
occupy its full area. The nest best type is the 
sfjuare flue, illustrated in Fig. 93. The dotted 
line indicates the area of the flue reserved by 
the smoke and gases, the shaded portion denot- 




Tig^ 91. Oblong riuG» Showing Large Proportloo tti Vaeltn Space. 

ing the dead air space. The illustration of the 
oblong flue, Fig. 94, shows these features also, 
and the reader will note the increased propor- 
tion of useless air space in this type. This 
condition may be carried to sueh an extreme — 
as^ for instance, with a flue 4 by 16 inches — that 
the amount of dead air space will equal or even 
exceed that jwrtion of the flue which is active 
surface, with the residt that a down draught is 
produced, causing friction by mingling with the 
opposing t'urrent of air, and rendering the flue 
practieally useless. A clear opening of an 
8 by 8 inch flue, with an area of 64 square inchcsj 
would be far better and more efficient than a 
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flue with an opening 4 by 24 inchefi, although 
the latter would have an area of 96 square 
inches, or a capacity more than one-third 
greater, 

A chimney erected through the center of a 
building is more efficient than one built in an 
outside wall, because it is surroimded by heated 
or warm rooms which in a large measure 
prevent the condensation of the smoke, the 
cooling of the gases, and the precipitation of 
soot. When constructed in an outside waU, the 
side of the chimney flue exposed to the air 
should be at least eight inches in thickness. In 
an outside chimney, the condensation of the 
smoke and gases from certain grades of coal 
will frequently cause the sulphur and creosote 
ingredients to run down the chimney into the 
smoke-pipe, by this action causing its rapid 
destruction. These products of combustion 
leave a dry deposit, which hardens to the con- 
sistency of iron, clogging the dampers in the 
smoke-pipe or in the smoke-hood of the heater, 

Oflsetting of chimney flues should, if 
possible, invariably be avoided. If conditions, 
however, make such a eonstmetiou absolutely 
necessary, the angle of the offset should be as 
sharp as possible; otherwise the soot and ashes 
will form a deposit in the offset and clog up the 
flue. Fig. 95 illustrates this, and shows by 
dotted line how offset should have been made. 

Height in a flue simply governs velocity, 
having no effect whatever on the area, which 
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should be autEcient for the work demanded of 
it. A chinmey in a building of two or more 
stories has sufficient height to be suitable for 
all purposes. It should extend above the build- 
ing to such a distance that adjacent structures 
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or roofs will not interfere with ita working or 
cause a possible down draught by reaaon of the 
wind blowing over the roof and down through 
the chimney. 

Trouble with draught on a heating aj^tem 
may be due to any one of the following causes: 

L Obatractiona in flue, such aa exteoftions of bricks 
OP timbers, or qu estension of smoke-pipe too far into 
flue opening, as shown in Fig. 96, 

2. Loose or opea deao-oul doors at base of ehimney< 
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3. Heiglit inBofflcient to clear siuToanding ohstrac- 
tioDs to draught. 

4. iDflufficient area for work demanded of flae. 

5. An enlarged or contracted chimney at eome point 
in itfl length. A flue is only as large as the area at ita 
amalloat portion, 

6. Two or more amoke-pipes from different apparatua 
connected to same chimney, one working against another. 

7. O&etB at too great an angle — that is, too flat. 

6, Loose division walls hetween flues, one of which 
ia used for the heater. 

These are the causes of some of the diffi- 
culties commonly experienced with chimneys, 
and their enumeration should prove a valuable 
aid in locating any possible trouble. As a 
guide to follow in the proper construction of a 
chimney. Table IX is given, which shows the 
proper sizes of brick and tile flues for different- 
sized buildings. The dimensions of tile given 
are commercial sizes. The capacities scheduled 
have been found in practice to be entirely suf- 
ficient for ordinary work, and can be safely 
relied upon to render proper results. 

TABLE IX 
Sli«s of 0hlnuiB7 FIqm for DlfTeront- Sized BnUdlngs 



Cafacitt of Bdiuiuvo 


Brick 


TiLi, Sod ARE 


Tile. Kotr.SD 

rZNSlDE 
DlSEHSlQEVB) 


UptoZD.ODO en. fV 
10.000 to 40,000 " " 
W.OOOto 70,000 " " 
iO,OOOtolOO,llOO " ■' 
100 000 to ] SO 000 " " 


l« X 10 " 
UxW 
UxZi" 


Hi X im in. 
13 lis ■' 
13 1 18 ■• 
18 I IH 


10 In- 
1! '■ 
IS " 
Ifl - 


160 000 to Z&O 000 " " 













Square tile for flue limnga nre flizeil and liated commercially 
1 outside dimeneionH; round tile, from inside dimenBions. 
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Properly to understaod vacuum and vapor 
heating, it is necesearj' not only to have 
knowledge of the meaning and applications of 
these teiius, but also to understand the reasons 
for the application of the principles to beating 
appaiatus. 

In all standard dictionaries a vacuum is 
defined as an *'enipty space/' We speak of a 
bottle from which the contents have been re- 
moved as being empty, and, according to the 
dictionaiy definition, tliis condition would 
therefore seem to be a vacuum. This, however^ 
is not true, for, while the visible contents have 
been extracted from the bottle, the space 
formerly occupied by these contents has simply 
been filled with another and invisible volume — 
the vaporous gas wc call air. This supply of air 
is under a pr^^ssure of 14,7 poimds, the same as 
the outside atmosphere surrounding the bottle? 
and tills force wc call atmospheric pressure. 

If an attempt is made to refill the bottle 
without providing a vent or opening for this 
inner air to escape, it will be found impossible 
to reiill it. 

Wliat causes atmoapherie pressure? The 
earth is sunounded by a belt of elastic gas many 
miles thick. This air, containing more or leas 
moisture in the form of vapor of water, is 
denser nearer to the earth than at high alti- 
tudes. Like all other substances, air has weight, 
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ijecause of the attraction of gravity. It ezertB 
a pressure upon all objects upon the earth to 
the extent of 14,7 pounds per square inch at sea- 
level. In other words, the atmospheric pressure 
upon a surface is simply equivalent to the 
weight of the column of air pressing upon that 
surface. On account of air being a fluid, the 
pressure is exerted equally in all directions. 
The higher we ascend in the air, the less the 
degree of this pressure. Water in an open 
vessel will boil at sea-level when it has been 
heated to a temperature of 212** F,; at an alti- 
tude of about two miles above sea-level, the 
same supply of water will boil or vaporize at a 
temperature of approximately 190^* P, 

Now» returning again to the illustrations 
afforded by a consideration of the water- and 
air-filled bottle, let the air itself be extracted 
from the bottle. The bottle will then be, as we 
say, under a vacuumj and a vacumn exerts a 
piUl upon the opening in the neck of the bottle. 

What has the information gained from this 
discussion to do with the heating question? Let 
ua see- Water, when vaporized or converted 
into the gaseous form we call "steam,'' occupies 
a space about 1,700 timea as great as it did in its 
original liquid state; in other words, one cubic 
inch of water, when vaporized, will be pro- 
ductive of 1,700 cubic inches of steam. Fill a 
ladiator with steam, and then condense the 
supply. It will occupy as water but one sixteen 
hundred and ninety -ninth part of the space it 
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occupied as steam, the remaindei' of the space 
Wing filk-d with aii" euckcd into the radiator 
Ihrougli the air-valve^ and this volrnne of air has 
the pressure of the atmos^iht^re. In c^ircidating 
steam, it 13 necessary to overcome this pressia'e, 
and to drive the air fi^om the radiator thi-ough 
the valve before the radiator can again he tilled 
\\ith steam. Air is the arch enemy of the heat- 
ing contractor, 

Vacumn heating provides a method for 
keeping all air out of a heating system, and, at 
the same time, for exerting a pull, by means of 
a pump or other device, upon the rctm^n ends 
of all units of radiation^ thereby allowing and 
facilitating the flow of steam to all pails of the 
apparatus without pressure. 

Vacuum Heating Systems, There are two 
classeis of this kmd of heating — first, those 
makiug use of a pump or other mechanical 
device for creating the vacuum; and second, 
non-mechanical systems which are used in con- 
nectiou with the ordinai-y methods of steam 
piping for residence work. Among the com- 
mercial systems in the former class may be 
named the Webster, the Paul, and the Van 
Auken systems ; among those in the latter 
division arc the Trane, the K-M-C (Morgan), 
the Gorton, the Byan, the Moline, and the 
Dunham, All are designed to accomplish the 
same pm-pose — namely, that of circulating 
steam or vapor through a heating system at a 
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pleasure equal to or below that of the atmoa- 
phere. 

The Trane system involves the use of a cup 
of mercury in the center of a device called a 
mercury seal, as illustrated by Fig. 97. A 
special form of automatic air-valve, having a 
union drip coimectioD, is used on the return end 
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of each radiator. An air-pipe connecting to this 
valve is carried to the basement, where it is 
joined into a lai-ger air-pipe called an air-main. 
This line follows closely the direction of the 
steam main, terminating at a point near to the 
boiler, where it drops down and connects to the 
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top of the mercury-seal device. A slight 
pressure will force the air out of the seal 
through the mercury, which will, however, by 
reason of its greater density, effectively prevent 
the retmii of the air into the air-line, by this 
operation placing the system under a vacuum. 

The K-M-C system also makes use of a 
mercury device, Fig. 98, in quite the same 
manner as the Trane, In connection with its 
usage, however, some special appliances are 
necessary. A small device, called a retainer 
valve (shown in Fig- 99), when placed on the 
return end of the radiator, is designed to 
prevent the steam from entering the air-line. 
Should any supply find its way into this air- 
pipe, it is taken to a small tauk^ called an 
accumulating tank, into which the air-line con- 
nects. As this tank is partially iilled with 
water, it assists in condensing the steam; and 
from the accumulating tank, the air passes 
through floating check-valvea before entering 
the mercury seal. Pig. 100 shows the method of 
connecting the tank, and also illustrates the 
floating check -valves; while P^ig, 101 shows the 
arrangement of the piping and fixtures at the 
boiler- 

The other systems of vapor and vacuum 
heating require the use of ejectors, air-traps, 
etc. 

The Gorton arrangement is a vapor system 
involving heating below atmospheric pressure. 
In its application, the two-pipe method of piping 
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iBemployeti A dialiuge nlTe» Fig. 102, iB used 
on the return end of each radiator^ in operation 
being so sensitive that a very slight pressure 
will open it a sufficient distance to allow the air 
and the water of condensation to pass into the 
returns. Connected to the system in the base- 
mentf is an automatic relief valTe, as shown in 




nc. 103L Antomfttic Dnluv* ValT« TTBed In OortoQ Byitm of 

Mg, 103, This valve is operated by the differ- 
ence in pressure between that of the steam and 
of the return pipes, remaining closed until the 
accumulation of air in the return mains increases 
the pressure, when it will open sufficiently to 
relieve the air» closing again after the release of 
the surplus. The arrangement of the connec- 
tions at the boiler is shown in Fig, 104. 

The Ryan system involves the use of air- 
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Fig. IDS- Automatic Eellef VftJvo Used In Qortoa System Of 
Vacnom Steun Hfliling. 
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Steam HcatlDg. 
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lines similar to tliose of the K-M-0 and Trane 
systems. With it the air is exhausted to the 
atmosphere through an air-trap. A small steam 
pipe connected directly to the trap from the 
boiler^ acts as an exhauster in creating the 
vacuum pull upon the air-line. 

The Holine system is styled the Vacuo- 
Vapor Method, and in the method of piping is 
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Tig, 105. Hollno Vacuo- VapDi System of Heating. 

quite similar to otlier vacuum sj-Btems — that is, 
in so far as the steam supply and air-line are 
concerned. The air and steam in the air-line ai'e 
taken to a condensing radiator; and au ejector 
placed between tlie sujiply valve and the 
radiator creates the necessary pull on this air 
main. Fig. 105 illustrates the system clearly. 
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Note that from the condensmg radiator, the air 
enters an sdi'-trap which peniiits it to escape, 
but which closes against the flow of steam and 
water. The air from the trap is discharged 
through a vacuum valve having a perforated 
bottom and placed in a copper receptacle half- 
filled with water, which results in sealing the 
Byetem against the return of the aii\ In dis- 
eharging to the atmosphere, the escaping air 
bubbles up thi'ougb the water in the receptacle. 




Fig. lOS. Dimbam lEadlttci Air^Trap. 

The Dunham plan calls for the use of a sys- 
tem of flow and return piping without the 
addition of air-valves. On the return end of 
each radiator is placed an appliance called a 
radiator air-trap, as illustrated in Fig. 106, the 
device possessing the attributes and action of a 
thermostat. It is open to allow all air and 
water to escape from the radiator, closing 
against any escape of the steam. The water 
and air are taken through the return to a re- 
ceiving tank located above the boiler, the supply 
of the latter leaving the system through a 
vacuum valve and passing to the atmosphere, 
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the water entering the boiler through the returiL 
Fig. 107 shows the application of this system. 
Condensation passes to the receiving tank only 
after its heat has aU been given up. Here it 
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Fiir. 107. Dtmtuuu Vacnum Brst«iii of Httatlng. 

accumulates until such a quantity of water has 
been evaporated from the boiler as will lower 
the water-line sufficiently to uncover the end of 
the equalizing tube P> which connects through 
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the boiJer coupling E, forming a loop over and 
down into receiving tank D, 

This opens a passage for live steam to enter 
the tank from the boiler, and equalizes the pres- 
sure therein Tsith that in the boUer, thereby 
permitting this water to flow down into the 
return pipes and through check-valves C into 
the boiler, raising the water -liue, and again cov- 
ering tube end F and protecting it against the 
passage of steam by water seal. 

After the discharging process, the steam 
which displaces the water in the receiving tank 
condenses, forming a partial vacuum therein, 
which relieves the check-valves C on the end of 
the return pipes entering the same, and permits 
accumidated air and water of the return pipes 





Fig. 109- V»por CniOD BIboft 
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to be forced into this receiver, at the same time 
relieving them of any pressure and putting 
them under the same partial vacuum conditions 
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which may exist in the receiving tank at thia 
time. 

The Broomell system is a vapor method; that 
is, the pressure never exceeds ten ounces. A 
special form of valve, called a quintuple valva 
is applied on each radiator, its applica- 
tion permitting of a suf&cient amount of 
vapor to be admitted to the radiator in order to 
fill it one-fourth, one-half, three-fourths, or en- 
tirely, as the case may be- Fig. 108 is a sectional 
view of this valve, showing the four holes or 
ports through the disc, which engage with 
similar ports through the seat of the valve. On 
the return end of each radiator is placed a 
special type of union elbow. Fig, 109, so con- 
structed that it holds ia check the vapor while 
the condensation is discharged into the return 
lines- The system of piping erected is in 
accordance with the two-pipe plan. 

The real heart of the Broomell system 
consists of the combined receiver, draught regu- 
lator, and relief apparatus, shown in Fig, 110, 
The system is open to the atmosphere through 
the receiver, making it impossible for the 
pressure at any time to exceed ten ounces; and 
by reason of the action involved, the fire is 
automatically controlled. 

The piping for a vacuum job must be abso- 
lutely tight thi'oughout, in order to insure that 
no air can leak into the system and destroy the 
vacuum carried. For this same reason, the 
stuffing-boxes of all attached valves sliould be 
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perfectly tight; or, better still, special packless 
types should be used. The boiler should be sup- 
plied with a compoxmd pressxire and vacuum 
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gauge; and for small air-lkiea, the pipe and fit* 
tinjra prove mure suitable if galvanised. 

Heating by the vacuum plan is sure to prove 
economical, because no steam pressure ia 
necessary to drive ihe air from radiators when 
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once it has been remoyed. Again, all heating 
sxirf aces are efEective, due to the complete with- 
drawal of any aecmnulated aii and of the water 
of condensation. 

The advantages of vapor and vacuum beat- 
ing are many; and as the evident benefits 
derived from their usage are more and more 
understood by the heating contractor and house- 
owner, such systems will be adopted to a much 
greater extent than heretofore- The ability to 
generate and circulate steam at reduced 
temperatures (practically as low as those em- 
ployed in hot-water heating), together with the 
fact that by a complete removal of air all 
radiating surfaces are effectiTe^ insures an im- 
mense saving in fuel as compared with the cost 
of operation of a job InstaUed according to 
ordinary methods. 

Table X gives the boiling peint of water at 
different pressures, from complete vacuxmi 
(29.74 in, in the mercury column) to steam at 
4.3 pounds pressure, or an absolute pressui'e 
(considering that of the atmosphere as 147 lbs,) 
of 19 pounds. 

When it is fully comprehended that on the 
steam job as ordinarily installed no results are 
obtainable through the medium of the radiatoi-s 
imtil the atmospheric pressure of 14.7 pounds 
has been exceeded, since two pounds pressure, 
for example, at the boiler, means an absolute 
pressure of 16,7 pounds (14.7 + 2), we recog- 
nize the great waste of heat units in the fuel 
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Ventilation 

By ventilatioii is meant the process of diang- 
ixkg or renewing the air in a building in order 
that the supply may remain as pure as possible 
and be in sudi a state as to be healthful for 
breathing purposes. This is a subject which, 
unfortunately, until recent years, has com- 
manded too little attention from all parties who 
should be vitaUy interested; and the acquisition 
of a perfect system of ventilation has been 
generally regarded as a luxury rather than the 
necessity it has proven to be. Ventilation is of 
even greater importance than heating, and we 
are fast coming to realize this, making provision 
for it as we recognize its worth- No architect 
solicitous of his standing would to-day plan a 
theater, church, public hall, school, or similar 
building which is intended to be occupied by a 
large number of people at the same time, with- 
out making adequate provision for the removal 
of the foul air within and the substitution of 
pure air from without for breathing purposes. 
And yet, of the thousands of dwellings erected 
each year throughout the country, we are war- 
ranted in stating that not even so large a 
proportion as one in one hundred has any 
special method applied for ventilating purposes. 

The time is coming, and that not far distant, 
when no dwelling of any size, of the least im- 
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portance, will be constructed without provision 
being included whereby the occupant may 
periodically remove the foul aii' and admit a 
puie supply. 

How Air is Contaminated. In order prop- 
erly to understand how the air we breathe is 
contaminated or rendered foul and unfit for 
breathings it is necessary to know the composi- 
tion of air- 

The earth ia completely surrounded by an 
envelope of air or atmosphere several miles 
thick. ITiia gaseous covering forma, as it were, 
a vast ocean, at the bottom of which we live and 
move. The substance of the air is a mixture 
consisting principally of oxygen and nitrogen, 
in the proportion of about one part (by volinne) 
of the former to four parts of the latter, with 
a very small proportion (about three or four 
parts in ten thousand) of carbonic acid gas. 
Carbonic acid gas results from all combustion — 
being produced in considerable quantities even 
by that foi-m of combustion which takes place 
in animal respiration. Oxygen is the life-giving 
quality in the atmosphere, without which all 
living things would die. The oxygen in the air 
within a room is consumed by the bimnng of 
illuminants — such as candles, coal oil in lamps, 
and gas^ — and also as a result of the process of 
breathing. 

In addition to the above substances, there is 
also present in the atmosphera more or less 
aqueous vapor or moisture, the amount varjring 
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with the condition of the weather or the 
proximity of the air to a body of water. We use 
the term humidity to express this ingredient, 
and the term relative humidity to indicate the 
relation existing between the moisture actually 
present in the air and that which would be 
present were the air completely satxu^ated. 

Carbonic acid gas is not in itself always 
harmful, aa its presence in soda water and other 
carbonated drinks will attest. However, when 
breathed into the lungs in the process of respira- 
tion, and when the oxygen breathed with it is 
consumed, the exhalations from the lungs con- 
tain poisonous matter, and the continued 
breathing of many people confined within a 
room will in time so vitiate the atmosphere as to 
render it dangerously baneful. 

Air is vitiated or contaminated, then, by the 
burning of UluminantSr as before noted, and by 
the exhalations of the people inhabiting the 
room or building. It may also be tainted by 
fmnes and odors from certain chemicals, etc. 

The amount of carbonic acid gas in the air 
we breathe should never exceed six or seven 
parts in 10,000. When present in greater pro- 
portion — say, ten or twelve parts in 10,000 — 
there will be a feeling of closeness or stuffiness 
experienced by the occupants of the room, fre- 
quently causing fainting spells, headaches, etc. 
An eminent physician recently stated that the 
breathing of a plenteous supply of pure fresh air 
constitutes the best medicine to cui'e the ills of 
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mankind — notably so, the dread one of tubercu- 
losis (conauniptioo) and allied maladies. Aside 
from its curative powers^ pure air is also an 
efficient preventative of sickness* 

How Ventilation is Secured. In discussing 
the methods for securing veutilatiou, we shall 
not here describe at length the mechanical 
de\'icee used in large buildings, except to say 
that by means of a fan or blower, air-washer, 
eta, it is uovv possible to furuish a supply of 
pure, humid atmosphere within any building, 
regardless of how densely occupied or of the 
condition of the air outside. We can truly 
claim that we are now able, with modem ap- 
pliances, to furuish any condition of climate for 
any sort of pui"pose. 

It is the ventilation of homes that we wish 
more particularly to discuss, urging upon our 
readers the importance of following what sug- 
geatious we have to offer for accomplishing 
results in this respect. A lai'ge part of our life- 
time is spent in the sleeping room — probably 
one-third of each twenty-four hom^s — and hence 
all rooms devoted to this use should be well 
ventilated. 

In all efforts oxertod to secure ventilation in 
a room, two things are necessary — first, the 
admission of pure air; and second, the removal 
of foul ail'- The accomplishment of the former 
result is an easy proposition; of the latter, a 
comparatively hard one. All modern dwellings 
are so constructed with archways of large doors 
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between principal rooms that one indirect 
radiator^ as shown in Fig, 75, placed under the 
central hall, and one or two otiiers located under 
the principal rooms, will admit plenty of fresh, 
pure air to the first floor of the dwelling. 







Fig. 111. Good Location of TentUating Beglfltna. 

For second-floor rooms, or those in isolated 
locations, direct-indirect radiatoi's may be in- 
stalled, as shown in Fig, 74, as a means to secure 
the desii*ed service. 

It is a difficult matter to exhaust the foul air 
unless suitable flues are provided for this pur- 
pose while the building is in coiu^e of erection. 
It ^ a good plan, in building, to erect ventilating 
flues in pairs — one of the two extending down to 
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ic floor of the second-floor roomst the coui- 
panion flue rcadiiiig to th<' tirat floor. Registei-s 
ahoiild be placed m th(^ flue in each room, uear 
the floor, A good location is at a point just 
above the baseboai'd, as illustrated in Fig. 111. 
These flues should extend upward to the 
atmosphere. 

The warm, pure air admitted to the room 
through the radiator is light and buoyant, and 
rises to the ceiliny, settling gradually below the 
breathing-line to the floor as it becomes heavy 
during the process of cooling. This supply 
below the breathing-line is the foul or con- 
taminated air, and must be removed at or neai* 
the floor-line. 

A cold shaft or chimney is of no use what- 
ever for ventilating purposes, as it is open to the 
atmosphere and has the pressm'e of the outside 
air (14.7 lbs.) constantly pressing do^^^l upon its 
contents- To create an upward diaught or cur- 
rent in the flue, in order to overcome the 
atmospheric pressure, it is necessary to heat or 
expand the air in each flue, and the warming of 
this supply may be accomplished in various 
ways. 

Piobably the simplest method in connection 
with a steam or hot-water heating apjiaj-atus ia 
illustrated in Fig- 112, A pipe riser is canied 
up near to the flue, and a branch on each floor 
run to a small coil or luae of pipe inserted In 
the flue above the register, A small au'-pipe 
loading fi'om the top of the coil into each room 
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terminatefi at an air-vent through which the air 
in the coil is removed. When the heating ap- 
paratuB is in operation, this arrangement will 
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be found to afford a very satisfactory method 
for securing ventilation. 

Another method, which may be adopted in a 
dwelling with a large attic, involves having the 
ventilating flues terminate just above the attic 
floor, where they are connected by galvanized 
ducts into a large ventilating shaft opening 
through the roof, this shaft being supplied with 
a suf&cient amount of heat to expand the air. 
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The construction for the heating of the air may 
be in the form of a large radiator or coil, A 
further advantage derived from the usage of 
this method is that ventilation may be secured 
in siunmer months when the heating apparatus 
is not in use, simply by the introduction into 
the shaft of a fan, electrically connected* for 
exhausting the foul aii- to the atmosphere. If 
desired, this fan aiTangement can properly be 
used all the year round, and the pipe coil In the 
flue omitted. 

Still another method which may be practiced 
with success in compactly erected residences, 
requires the building of a large brick shaft 
through the center of the house, A smoke-pipe 
for the heating apparatus — made of iron or 
steel, or of terra-cotta pipe ^vith tightly 
cemented joints — is carried through the center 
of the shaft, fiuTiishing the heat to expand the 
air in the shaft, this provision producing an 
upward current. All ventilating ducts are then 
connected into this shaft, either directly on each 
floor, or are carried to the attic for connection. 

One benefit included in the use of cither of 
the latter two methods is that the ventilating 
duets may be constructed of tin and inserted in 
the partitions in quite the same manner aa 
would be the hot-air riser pipes for furnace 
heating work. 

As a rule, dwellings are easier to heat when 
provision ia made for exhausting the heavy, foul 
air within- This is particularly true in fimiace 
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or hot-air heating, as it is impossible to circulate 
warm air into or through a perfectly tight room 
from which no supply can escape. 

TEKPEBATUBE BEaULATION 

No heating apparatus can be considered fully 
complete unless equipped with some form of 
device which provides a method for automatic- 
ally regulating the draught and check doors of 
the heater to accord with the varying tempera- 
tures of the rooms in the building. However, 
only a small percentage of heating apparatus 
now in use is supplied with such appliances- 

Temperature-controlling devices usually in- 
clude a thermostat, which is placed in one of the 
living rooms (a place in which a regular, uni- 
form degree of temperature is desired) and 
connected to a form of motor or similar agent, 
to furnish the power necessary for operating the 
dampers of the heater- 

Of all the accessories to a heating appliance 
which assist in insuring its economical and 
satisfactory operation, there is no other one to 
be compared with an adequate system of 
temperatiu'e regulation. 

While all low-pressure steam boilers are 
provided with a draught regulator of the type 
illustrated in Fig. 88, hot-air furnaces and hot- 
water heaters, as a male, have no such provision 
for draught control. The operation of the regu- 
lator of a steam boiler is not governed by the 
temperature of the room; it simply regulates the 
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draught doors of the boUcr according to the 
motive force of the pressure of steam within, 
and, by reason of this action, cannot be consid- 
ered strictly a temperature-regulating device. 




Tig. 113. "Id«pl Sylphon" Temperatiue &«giiIatoK 

For use on systems in residences and on 
ordinary heating work, the temperature-regu- 
lafing devices adaptable can be divided into two 
classes — (a) those that are controlled by the 
temiJeraturc of the water witbiu a hot-water 
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heating system; (b) those controlled by the 
temperature of tiie atmosphere within the 
hwiding. 

There are several styles and types of each, 
but we can describe here only one or two of the 
representative regulators in each division. Of 
those in Class (a), above, the ''Ideal Sylphon" 
shown in Fig. 113 is a good illustration. It will 
operate at any desired temperature ranging 
from 120° to 180'' F., and may be adjusted by 
simply moving a weight on the lever rod. In its 
construction the cast-iron pot A is divided 
horizontally by the partition B. The lower com- 
partment contains the bulb C, which holds a vol- 
atile liqidd vaporizing at a low temperature and 
filling tile space E. This bulb is made of a metal 
having a high conductivity for heat, which 
allows Blight variations of temperature to pene- 
trate quickly to the volatile liquid. The water 
from the heating system flows through the 
space between A and C, completely surrounding 
the bulb C, The upper compartment contains a 
metal bellows F, which is hermetically sealed 
and which communicates with bulb C through 
pipe G, The construction of the rocker and 
lever are shown by H, I, J, and K. 

As the temperature rises^ the vapor in space 
E increases in pressure, forcing a portion of the 
liquid up pipe G into the bellows, as indicated 
by arrows. This action causes the bellows to 
expand, raising the plunger M, which, in turn, 
tilts the rocker and lever, whose ends are at- 
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tached to the draught and check doors by chains, 
gradually cloflln^ the draught door and opening 
the cold-air check. As the temperature falls, 
the reverse action occurs. 

Probably the first successful deiice employ- 
ing the vapor obtained from a volatile liquid was 
the ''Powers" I'cgiilator. As at present pro- 
duced, this regulator is made in a variety of 
foiTus for use in controUiug the draughts of a 
furnace as well as steam and hot-water heating 
apparatus; and while, in its mechanical parts^ 
it differs from the *'SyIphon/' previously 
described, the principle of procuring the neces- 
sary power from the vapor of a volatile liquid is 
practically identical. 

The regulators in Class (b) — those con- 
trolled by the tcmperatm'e in the heated room — 
are of two general kinds, which we may prop- 
erly term (1) electric, and (2) non-electric. 
Among the former arc the ^'Minneapolis," the 
'^HoneyweU,^' the "JeweU,'' the "Beers," and 
the '^Heekam/' 

All regulators of the electric type require 
the use of a thermostat, which is loeated in a 
living room and is connected by wires or chains 
to a motor in the cellar placed near tbr beater. 
The thermostat employed usually consists of a 
metal frame holding some form of metal or 
other substance very susceptible to variations 
of heat and cold. When expanded by heat, this 
substance is thrown against a pin, by this move- 
ment closing the electric circuit to the motor, 
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which then operates to dose the draughts of the 
heater. When the temperature of the room 
falls, the substance contracts and is cast back 
against another peg, whereupon an action the 
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Fig. 114. Beckun TbormosUt. 

reverse of the above occurs. I^ig. 114 shows two 
types of the Beckam thermostat. 

The motor may receive its power from a 
spring wound up within it; or, as in the Beckam 
types, the force to diive the motor may be gen- 
erated by a weight wound up daily in much the 
same manner as a Swiss clock- Fig. 115 illus- 
trates the Beckam motor; and Fig. 116, the 
method used for attaching the various parts to 
the heater, the light dotted lines showing how 
the connections are made to a steam boiler. 

The non-electric regulators, of which thci'c 
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are many individual types, involve the use of 
power derived from the expansive force of 
metals, rubber, or liciuid. In this elass we have 




ngp 110. Bockam Motor. 

the "Rcgitherm," a regulator in some respects 
similar in principle to the "Kylphon," already 
described, using a volatile liquid and a metal 
bellows; the **Powere," with a volatile liquid; 
the "National," having the rubber in its 
thermostat; the "Howard," using a triangular 
disc of a rubber comf>osition, vfhich is fastened 
on the lower side, tbe point of the triangle being 
free for moving back and forth by expanaion 
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and contraction from the effects of heat or cold. 

The thermoatatfi and motora of the different 
types, while varj^ng somewhat in principle, all 
aim to accomplish the same purpose — namely, 
the furnishing of power to open or close the 
draughts of the heater. 

Practically all thermostats will work ac- 
curately within a margin of two degrees from 
the desired temperature; for instance, with the 
indicator set for 70^* in the room, the tempera- 
ture will not rise above 71° before the regulator 
will check the flre; and prior to a fall of the 
temperature in the room to 69^^ the regulator 
will again operate to open the draughts on the 
heater. 

The extent of the saving in fuel within one, 
two, or three years, according to the size and 
character of the job, will pay for a first-class 
thermostat, after which length of time its usage 
will annually help to meet the cost of the fuel 
bill. 

PIPE AND BOILER INSULATIOK 

The thorough insulation or covering of all 
piping on a steam or hot-water heating ap- 
pai^atuB^ as well as the covering of all exterior 
surfaces on the boiler or heater not occupied by 
the various pieces of plate-work (the clean-out, 
fire^ and draught doors, the frames^ jacketing, 
etc.), is essential to the economical operation of 
the apparatus. Tests have conclusively proven 
that the Insulation of such surfaces effects a 
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saving of from fiftera to thirty per cent, the 
amount depending upon the chai-acter of the 
covering applied. 

To be of good quality, the insulation must 
consist of such material as will prevent the 
escape of heat outwardly between the pipe and 
the surrounding atmosphere. As a matter of 
fact, heat may be lost or dissipated from the hot 
surfaces of the pipe or heater in three ways — 




Fig. 117. niDitntlng Hetbod of Fkatenfn^ Plpa Oovering In PUc« 
1»r Meu]« of MoUl Buida. 

namely, by radiation, by conduction, and by 
convection. The effects of these, however, can 
be partially or entirely overcome by the 
covering. 

The materials which have been most gener- 
ally used for the purpose of insulation are as- 
bestos, hair felt, mineral wool, cork, magnesia^ 
pressed paper, and sawdust. Pipe covering as 
furnished to-day is manufactured in three-foot 
lengths, split lengthwise for case of adjustment 
on the job, and covered with muslin or canvas 
pasted over the cut. It is fastened securely in 
place by iron or brass lacquered bands. Fig, 117 
illustrating the method. 

For high pressures and superior work, a 
moulded covering composed of about 85 per cent 
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magnesia, with tin? it-iuuiuder of libvi" iisbe«tos 
iind emular lircproofing matcjiidB, is gcntrally 
adopted. 

For ordiuary low-pressui'e beating and for 
hot-water work, a Jess expensive covering may 
be employed to iusure satisfactory results. On 
such jobs, several layers of felt paper lined 
with asbestos, or strips of corrugated asbestos, 
or a covering made of ground cork, can be em- 
ployed to advantage. Felt or asbestos paper 
specially woimd to form air cells running 
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lcL.gthwise with the piping, affords a practical 
covering. Fig, llti shows a cross-section of this 
type. 

To obstruct the passage of radiant heat pre- 
sents no difficidt problem, and almost any non- 
conducting substanc^e will suffice to accomplish 
the purpose. To pi"event loss by convection and 
conduction is, however, a different pmposition. 
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The heat from the steam or water is imparted to 
the umi^r surfaces of the pipe by eontact; and 
iron being an excelleut conductor, the heat is 
quickly transmitted to the outer surface, and it 
iB at tliifl part of the pipe that the gi-eat loss 
occurs. The heated pipe in this respect acts in 
exactly the same mamier as a radiator or coll 
placed in a cold room. The air immediately sur- 
rounding the pipe is heated by contact, and 
rises above the pipe hy reason of its lower 
specific gravity. The cold air replacing it is in 
turn heated, too, this process of radiation of 
heat continuing as long as there is any hot 
water or steam in the pipe, when in an uncov- 
ered condition. It is to prevent this great and 
continual loss that all piping should be thor- 
oughly covered. To be of efleetive service in 
overcoming this loss, the covering must lit 
snugly against the pipe. 

Hair felt, asbestos (which is a natural, 
fibrous rock, whose fibers have been separated 
and broken up), magnesia, and cork have a low 
thermal conductivity, for this reason being 
more effleient for insulating purposes than other 
mateiials. 

It is customary to protect boiler or heater 
surfaces with a lagging consisting of a plastic 
covering composed largely of asbestos and mag- 
nesia in the foim of a cement, which is plastered 
upon the exterior poi^tiona to he covered, while 
they are hot. This method of application in- 
sures a hard and firm covering when dry. 
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It is the intention, in the following pages, to 
show the latest and best methods of iiistaUing 
plumbing, avoiding, as far as possible, teclinical 
terms that might tend to confuse the mind of 
the average workman — in other words, to de- 
scribe in simple language and in the most dii'ect 
and practical manner the various stages in the 
installation of phmibing systems from start to 
finish. 



SEWER AND CONNECTIONS 

About the first thing to be considered in the 
layout of any plumbing ia the Sewer, This ia 
usually constructed of salt-glaacd vitrified 
sewer-pipe, laid to an even grade, with the 
joints well cemented with Portland cement and 
clean sbaip sand in the proportions of 1 part. 
cement to 2 pai'fs sand, and all joints carefully 
cleaned on the inside of the pipe after cement- 
ing, to prevent waste matter catching on the 
edges of cement which will be formed at each 
joint when the pipes are butted together. Fig. 
1 shows the manner of using a "swab" for this 
purpose. This swab may be made of a stick 
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with nails driven in it, and then cloth wound 
tightly around it and securely fastened on. The 
swab should be the full size of the pipe to insure 
the thorough removal of the cement, 

GomiectioDS to the main sewer are usually 
regulated by local conditions and rulings; and 
this matter need not be discussed further than 
to state that a connection should never be made 
with a '^tee" joint, but should be made with a 
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"T;" or, when the main sewer has no Y con- 
nection, the entrance to the sewer should be 
made in such a manner that the sewage will 
strike at an angle in the direction in which the 
main sewer flows. 

The sewer pipe will continue toward the 
building with a gradual pitch up to same, and 
should terminate at a point not l^s than 5 feet 
from the building at which point it will be ex- 
tended into the building with cast-iron soU-pipe, 
and — ^for the slight difference between the 
"Standard" and "Extra Heavy" grades in cost 
— preferably with the Extra Heavy. 

Sewer Traps and Ventilation, The neces- 
sity of a house, main, or intercepting trap in the 
sewer line is a question that has called forth 
considerable discussion both for and against the 
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use of suph a device; and both sides have their 
guod and bad poiuts. Local rulings usually 
govern this feature. Whether trap is used oi" 
not used, the soil-stack or stacks should always 
extend up to and through tliL' roof, and should 
never be iiisei-ted into a chimney as is too often 
done. The chimney was built to serve the pur- 
pose of a chimney, and not as a vent for the 
pliunbing system- 

Hain Water Pipes- When rain leaders or 
dowusponts are connected to the sewer, the 
proper size of pipe can be determined from 
Table I, wliieh is based on an average rainfall. 
All leaders should be trapped at their base. 

TABLE I 
Siiea i>t Hcmso Drains to Carry Bain Wkter 
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An easy rule to remember is to allow 1 square 
inch in pipe ai^ea for eaeh 250 square feet of 
i"0o£ area. 

Cistern Overflows. A cistern overflow 
should never be coniieeted into the house sewer 
if it can be avoided, as there always exists the 
possibility of the sewer choking or clogging up 
and backing into the cistern. Sickness usually 
residts before this is noticed, if there are no 
fixtui'cs in the basement to overflow and thus 
denotn the stoppage. It is much better to allow 
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or giTing same too much pitch. It is better 
practice to install a size that will be flushed, or 
nearlv so, by the water flowing through it, than 
to put in a size in which the water will never 
reach higher than part way up the sides, since 
the latter have a tendency to allow the floating 
matter to adhere to the sides, and in time the 
accumulation may cause a stoppage. 

For example, it is better to use a 5-inch 
sewer-pipe than a 6-inch, when the soil-pipe is 
4-inch. It is good practice to nm the sewer-pipe 
one size larger than the soil-pipe which dis- 
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cliiii'gL's into it, on account of the frictional 
resistance being greater in the clay sewcr-pipc 
than in the caat-iron soil-i^ipe- The water that 
fills the 4-inch pipe wciiild not fill a 5-inch pipe 
to the same height, while a 6-ineh pipe would 
be filled still leaa. and thus the thorough flush- 
ing of the lai'ger sized pipe is made imj^Aossible. 
Also, by saving the sewer too much pitch, 
the water travel may }>e so rapid that the water 
will nm ahead of the solid matter, aIlo^ving the 
same to be deposited in the pipe to present an 
ohstnietion to the next discharge of matter 
through the pipe. The average fall which is 
given stwer- and snil-pipes, of y^ ineh per foot, 
is more than ample. Table H shows the fall 
required in different-sized sewers to g^ve an 
average velocity of 276 feet per minute in the 
Bow of sewage — which velocity of flow will 
carry all matter from the sewer. 

TABLE n 
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It must be borne in mind that the only way 
that s*'Wage is carried along in the pipes is by 
flotation; and there is no other manner of doing 
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this- There is no hidden force in the sewer to 
cany away the sewage, and solid matter re- 
quires water to dispose of it- This again illus- 
trates the fact that a 5-iuch pipe, if krge enough 
to carry the flow, is better than a 6-inch, as the 
water is deeper in a 5-inoh than in a 6-inch pipe, 
supposing the same quantity of water to be 
discharged- 




Flg. 3. TTnrt»ii*ny a Tnp and Frnta-Alr Inlot. 

Particular attention should be paid to the 
making of the joint between the clay and the 
iron pipes. This may be done with one of the 
patented devices now on the market, or by 
cementing just as in the balance of the sewer 
piping. Leaky joints are a constant menace to 
the health of the occupants of the building. 

Fresh-Air Inlet. When a main trap is used 
it should always be provided with a fresh-air 
inlet, usually 4 inches in size, which may be in- 
creased when necessary, for the purpose of re- 
lieving the air-pressure that may accumxilate in 
the system, and to create a current of fresh air 
throughout the entire piping system. Fig, 3 
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shows a good method of installing a trap aad 
fresh-air inlet- 
It is better to introduce the fresh-air inlet at 
a point a short distance beyond the trap, as this 
avoids the possibility of the water-seal becom- 
ing frozen in winter, and also avoids or decreases 
the evapoiation that will occur if the inlet is 
introduced directly into the hub on top of trap* 
It is good practice to use a trap with bubs for 
double vent, as this will allow cleanouts to be 
placed on both sides of the water-seal, and 
affords free access to the sewer for cleaning 
purposes, 

EOUOHIN(J-IN 

As we now have the drain-pipe into the base- 
ment of the building, we are ready to rough-in 
the job, and a few words regarding the proper 
manner of handling soil-pipe will be useful. 

Cutting Soil-pipe- We shall have a num- 
ber of pieces of soil-pipe to cut to various lengths 
as the job progresses, and the best way to cut 
the pipe is with a narrow, sharp-pointed 
chisel^ and a medium- weight hammer. This 
gives better reeiilts to the average mechanic 
than the use of thi^e-wheel cutters, on ac- 
count of the Uability to crack the pipe, 
which is very easily done with the cutters be- 
cause of the pipe not being of uniform thiefcness 
throughout, and because with the cutters this 
variation in thickness cannot he so easily de- 
tected as with the hammer and chisel, the ear 
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being of great aagifltance in determiolBg wherB 
the pipe is thick and thin. Lay the pipe on the 
floor, aod place a narrow piece of wood under 
the place marked for cutting. The pipe should 
be marked with chalk entirely around at the 
place where it is to be cut Then nee the chisel 
and hammer. Filing a groove around the pipe 
where it ia to be cut is not necessaiy, since the 
chisel will make a clean, square cut, as you will 
find, after a little practice. 

Scdl-Pipe Joints, Fig. 4 shows the proper 
manner of making a soil-pipe joint, and Table 
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Fig. 4. Soll-Pip« JOlDt 

m shows the amount of lead and oakum 
required for the various sizes. 

The proper method of making a soil-pipe 
joint is to carefully pack the same with oakum, 
and leave a space of U/i inches for the lead. 
The oakum must be calked tightly before pour- 



PLUMBING ie9 

TABLE HI 
IiflLd uid Oaknzn fieanlred for SoU-Plpo Jointa 





Hiiv 


or 


I'lm 


ULAlt l-EH JaiVT 


OAKtH PEK lolffT 


2 


Inch. 






1 JJ tOODd. 

a 


3 Diin«a 


3 











i 


■k 






T " 


s 


h> 






8 


a 


-I 






u ■■ 













ing in the lead. If thi^ pipe has not been cut 
exactly square across, care must he takou that 
none of the oakum is driven into the pipe to 
present an obstacle to the flow of waste matter 
and in time cause a stoppage. Tlie joint will 
then be poured with the hot lead, in one pour- 
ing; and after the lead has eool(?d, it will be 
proi>erly calked tight with the proper calking 
chisels and a light hammer, bearing in mind that 
at every blow of the hammer you are creating a 
prcsaure on the hub which may crack the hub 
unless the operation is carefully done, Tlie joint 
should always be lain full at one poming; if 
this is not done, the lead should be picked out 
and the joint poured again. 

Pouring lead in an upright joint is a very 
simple matter; but when we come to a horizontal 
joint, this requires different handling, and we 
have recourse to a joint- ruiiner made of asbestos^ 
which elamps ai'ound the pipe in such a manner 
that it leaves an opening on top for the pouring 
of the lead- Clay or putty may be used for 
this purpose, but are makeshifts and very 
unsatisfactory. 
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It tiiere is dampne^ in the jcdntSi pi ftn^g 
ficmie pulverized rosin in the hub before pcniring 
will be beneflciaL 

Always have your lead HOT, and do not try 
to pour a joint with half-warm lead. Nothing 
but lead free from solder or other metals diould 
be used, in order to avoid cracking the hnl» 
when calking. 

The Piping System. We shall have a num- 
ber of pipes throughout the building to install; 
and they are as follows: 

Drain pipes, which are horuontal and reeeiTS the dn- 
eharge &om the vertical or upright pipes. 

Soil pipes, which receire the discharge from the elooets. 

Waste pipes, which receive the discharge from flxtoree 
other than closets. 

Yvat pipeSf which relieve the air prewnre on the sys- 
tem, prevent slphonage and create a circnlation of air 
throughout the system. 

Water pipee, which supply water to the variona fix- 
tures. 

We shall now proceed with the roughing-m 
of an actual job. Suppose that we are to install 
the plumbing in a house of which Mgs- 5, 6, and 
7 show the basement, first-floor and second-floor 
plans. The fixtures on the job are as follows: 

„ , 1 Two-part Wash Tray, 

Basement - -„ -. • 

1 Floor Drain, 

1 Sink, 
First Floor 1 Forty-Qallon Bange Boiler. 

1 Lavatory. 

1 Lavatory. 
Second Floor 1 Bathtub. 

1 Water Closet. 
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Right here is the time when you have to know 
the roughmg-in measurements of the various fix- 
tures, in order to place the pipes so that they will 
be in exactly the right places when the floors are 
down and the plastering done. Having deter- 




mined what these measiuements are to be^ we 
are ready to proceed. 

The plmnbcr will find it a great help if he 
will jot down in a small memorandum book the 
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n>iig)iiiig-m iDeasorementB of every fixture he 
mstalls. for this ^nJl save the trouble of looking 
up in the furure when he may have fixtures of 
the same style to install Let us examine the 
fixtures that go in on his job, and note the meas- 
urements in our little book for future reference. 
The vash trays — or laundiy tabs, as they are 
sometimes called — are of the style shown in Fig. 




8 with rough brass continuous waste and trap 
AS in Fig. 9; and are to be supplied with hot and 
cold water through Fuller bibbs, as shown in 

Fig. 8. 

The floor drain is like that shown in Fig. 10. 

Tlie kitchen sink is of the type illustrated in 

Fiff» 11, with nickel-plated trap, with waste to 
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floor and vent to wall, and nickel-plated Fuller 

bibbs. 

The range beater is shown in Fig. 12- It is 
to be erected on a stand (Fig, 13), and connected 
to the kitchen range, and also to a gas heater as 
shown in Fig, 1-L 

The first-floor lavatory (Fig, 15) is fitted 
with nickel-plated Fuller basin corks, and nickel- 
plated trap to walL 

The lavatory in the bathroom (Fig. 16) is 
also fitted with nickel-plated Fuller corks, and 
nickel-plated trap to wall. 

The bathtub is a five-foot tub of the type 
shown in Fig. 17- 

The doaet is of the low-tank tvpe illustrated 
in Fig- 18- 

Having looked over the fixtures and noted 
the roughing-in measurements, we shall now 
start on the vertical pipe work- 
Vertical Pipe Work, Fig. 19 is an elevation 
of the sink and wash-tray stack, and we shall 
start to install this at once. Into the bend in 
the drain-pipe that is looking up, we first calk a 
2-inch Y; and in the outlet of this Y we calk a 
2-inch cieanout plug with brass cover and square 
head, for the purpose of clearing the pipe at any 
time a stoppage may ocexu*. Continuing to the 
basement ceiling, we place a 2-inch Y for the 
sink waste. We shall probably hare to use an 
offset here — that is, change direction and carry 
the piping along to where it will be in position 
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Fig. 14. Bulge Boil«r OonnAct- 
sd to (Hj HMUr. 



Flf . 13. 8Und for Bulge Boiler. 
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a 2-mch tapped tee, for the vents from tke 
kitchen sink and the wash trays; and then con- 
tinue on up to and through the roof, enlarging 
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provided ^t^^l^l^^^^^ -^ ,,^, od wearing quaU- 
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it goes through the roof, the danger of the pipe 
becoming closed with hoar frost is avoided. 
This same precaution applies to any soil or vent 
stack carried through the roof. 

The next step will be to get in the waste 
and vent pipes. For the sink waste we shall 
require a 2xl^-inch brass ferrule, and about 
two feet of li/^-inch lead pipe. After wiping 
the lead to the ferrule, we calk same into the Y 




rig> 17. BaUitub. 

left for that purpose, after bending the lead pipe 
to the proper place to receive the sink trap. 

Into the tapped tee which was left for the 
vents, we screw a 2x11^x11/2 tee with nipple of 
right length, and drop out of the side opening 
to the basement for the wash trays, and out of 
the end opening to the sink. Here we shall need 
for the sink, and also for the trays, a li/o-inch 
female soldering nipple, and about 15 inches of 
l^^-inch lead pipe. After wiping the necessary 
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joints, we screw the pieces onto the pipe, after 
bending the same to the proper angle. Then, 
closing the ends so that the job can be tested. 




Fig, IB. Low-Tank Type of WMor-CIont, 

we are through with this stack until time for 
sotting the fixtures. 

It will ha seen that when wc set these fix- 
tures, it will be nece^ary to wipe a joint be- 
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tween the vent pipe now in, and the vent pipe 
from the traps, and this connection will leave 
plenty of '*sprmg" in the piping for expansion 
and contraetion. In some localities the connec- 
tion between the vents in the wall and the trap 
vents is made by means of Blip joints, with a 
rubber gasket to make the joint tight and allow 





Tig. as. sup-Joint Hr-l 



Tig. 23. Veat Too. 

for expansion and contraction, Varioue authori- 
ties differ on this subject, so that we shall not 
argue over this point, bnt will take up the work 
on the wash tray waste, which will require to be 
of the same style as the waste for the sink, and 
the end brought through the basement floor for 
future connection. 

In some eases, a slip-joint nut (Fig, 22) is 
used. 

Fig. 23 shows a type of vent tee that is ex- 
tensively employed. This can be obtained with 
both ends intended for connection to iron pipe, 
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instead of the form shown, which is for lead 
waste and iron Tent pipes. The part that re- 
ceives the pipe from the trap has a long, 
threaded shank, which can be cut off to suit the 
job it is being used on; and this is a very good 
feature. See Fig- 23, 

We shall now rough-in the stack for the first- 
floor lavatory. We first calk-in a Y with clean- 
out, as we did on the sink stack, and continue to 
basement ceiling, where we may have» as before, 
to use an offset to get back into the partition. 
At the proper height, we place a tapped tee, 
2x2x1^4 inches, with a nipple in the 1^-inch 
opening which will extend %-inch through the 
plaster- This will allow the use of a slip-joint 
nut (Fig. 22) when we come to set up the 
lavatory. 

In the top of this tee, we calk a 2xll^-inch 
reducing conpling, and extend up to a point just 
below the roof with 1%-inch iron pipe. At this 
point we screw on a 2xli4-inch coupling to calk 
into a 2x4-inch increaaer, and use a short piece 
of 4-inch soil pipe to extend through the roof, 
with necessary roof-flashing. 

This manner of roughing-in is termed cou- 
tinuoua venting. It is preferable to venting on 
the sink and wash trays, since, with this style, 
there is not the chance for the vent pipe to choke 
up, which is apt to occur with the sink style of 
venting. 

The vent work on this job will be done with 
black iron pipe and cast-iron fittings. Gal- 
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vanizcd pipe and fittings are somctimca used; 
sometinies black pipe and galvanized fittings; 
and sometimes again, galvanized pipe and blaok 
caet-iron fittings. In some cases, black pipe 
coated inside with asphaltimi and having re- 
CGBsed drainage fittings are used- In any case, 
provision should be made for cleaning the vent 
pipes at times when needed. When a vent is 
taken from the top or crovn of a trap, grease 
will accumulate in the vent pipe, and in time 
will choke it up entiiTly; and this is where "eon- 
tinuoua" venting has the advantage. 

Tlie question as to what kind of material 
shall enter into the roughing-in of the Job will 
be largely governed by local rulings where there 
is an Inspector, and the work will requii'e in- 
spection and testing before being covered up, 
^Vbcthcr an inspection is necessary or not, all 
work should be tested before being covered up, 
and this will be taken up later on and fully 
described. 

Wc shall now proceed to rough-in the stack 
for the bathroom. We first calk-in a cleanoiit 
plug into a Y, the same as for the other two 
stacks, and then continue up to the bathroom. 
Here we shall require a sanitary tee with a 
2-inch opening in the side to receive the bath 
waste. We run a 4s2-inch Y in the side opening 
of the tec, for the lavatory waste, Continiung 
over to the pai-tition, and extending upwards, 
we iriseii two tapped tees for the bath and lava- 
tory vents, and then continue up to a point just 
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below the roof, where we enlarge the pipe to 
5 inches and extend throu^ the roo^ with the 
necessaiy roof-flashing. 

All the soil-pipe in the stacks may be "Extra 
Heavy" and the vents "Standard" pipe; or all 
may be "Standard." The specifications nsnally 
cover this point- 
In the top of the 4-inch sanitary tee, we calk 
a combination lead ferrule, as shown in Fig. 24, 
and this will receive the discharge from the 
water-closet. Fig- 20 shows the stack elevation 
for the first-floor lavatory- 
Fig, 21 shows the stack elevation for the 
bathroom. Ordinarily the closet opening would 
be in the side of the 4-ineh sanitary tee; but in 
this case the opeming will be in the top, owing 
to the fact that the first-floor partition is not 
direcUy under the bathroom partition, and re- 
quires an offsetting of the pipe- work between 
the ceiling and the floor. In the side opening 
of the closet tee, we shall connect the bath waste. 




OS 




Fig. 24, Femlfl for Cotinoctliis 
B«th Wuta to cioB«t T«. 
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which will require a 2-inch ferrule like that 
shown in Fig, 24 or in Fig, 26, some l^inch 
lead waste-pipe, a 4x8-inch drum trap (Fig. 27) 
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for the waste-pipe, a short piece of ll^-iBch lead 
pipe, and a iy2-meh brass solder nipple (Fig- 
28), The waste from the twb will branch into 
the dnun trap at a point near the bottom; and 
the outlet to the soil-pipe will be taken out at a 
point near the top, but just below the vent 
branch. 

The wiping on the bath waste can be done 
before setting the same in place^ with the excep- 
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Fig ,27, 

Drma Trap Used 

oa B&th W*etcr. 



Tig. 28. SoldAf Vlpplfi 
Used tta Vant Woik. 



tion of the joint where the solder nippie (Fig. 
28) screws onto the vent-pipe already roughed- 
in, and this can be wiped after the work is set 
in place. The screw top on the bath trap makes 
it easily accessible for cleaning purposes. 

In the side opening of the 4x2-Lneh Y which 
is to rim into the closet tee, we shall place a 
2xli4xl0-inch lead ferrule (Fig, 24), which will 
require a wiped joint to connect it to the 
lead vent- and waste-pipe which is already 
roughed-in. 
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Fig. 25 shows the closet tee used on this in- 
stallation, and less the side opening, this is the 
fitting ordinarily used. 

Fig- 26 shows a straight brass ferrule; and 
Fig. 29 shows a tapered brass ferrule, reducing 
down to the size of the waste-pipe used- 
Fig. 28 shows the solder nipple used on the 
vent work, and this is made with either male or 
female threading. 

Fig. 27 shows the drum trap used on the bath 
waste. The top, being a trifle larger than the 
body of the trap, will cover up the hole in the 
floor, and make a neat finish. 
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Fig. 30 shows another style of trap that is 
used extensively on bathtubs. 

Fig. ;U shows auother form of tee that can 
bo used for the continuous style of venting where 
lead is used for both waste and vent pipes. 

Fig. 32 shows a new method of joining the 
closet to the soil sj-stem, to be used instead of 
ilie putty jtiiiit that has commonly been used, 
ThiH makes a very sanitary job, and insures a 
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tight joint at this connectioti, which is by no 
means certain when putty is used. The brass 
flange is sUppcd over the 4-iiich load pipe ex- 
tending through the floor for the closet connec- 





Flff. 33, Dertco for Steadying 
BnthlDb on Uneven Flooi, 



Fig. SQ. Ctnp1ilt« OafiketOloMt 
Conoftction to SoU SyatDin. 




Fig. 34. OLein-Ont Flng. Fig- ^. Type of Fomilo for 

WAfitB Flpoa- 
Small joiut ta poiireil. 

tion; and then the pipe is sawed off at the proper 
distance to allow it to be flanged over into the 
brass floor-flange and then soldered- The graph- 
ite gasket is next placed in position, and the 
closet is ready to be screwed in place. 
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In many instances, when you couxe to set 
your tub, you will find that the tub will not sit 
evenly, but has a rocking motion due to the un- 
cvenness of the floor. The device shown in Pig. 
33 will be fouud very useful to remedy this 
trouble, and ie inexpensive. 
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Tea. 



Pig. 34 shows the clean out plug which is 
placed at the foot of the different stacks for 
cleauing purposes. This has an iron body* and 
a brass screw ; the latter is easily removed should 
occasion require it. 

Fig. 35 shows another type of ferrule for 
waste-pipes. It is used by inserting the ferrule 
Into the lead pipe, and pouring the small joint 
as shown. 

There will be times when soil-pipe joints will 
be encountered in corners where it will be a hard 
matter to get at them to ealk them properly with 
the ordinary tools. In this case, some of the 
tools shown in Fig. 36 will be found very useful. 

Fig. 37 shows a waste and vent fitting that 
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can be used where two fixtures are set back to 
back. 

Figs, 38, 39, and 40, show various styles of 
roof-flashings. 

Figs. 41 and 42 show various styles of in- 
creasers, which are used at a point just below 
the roof, Tbey can be obtained either to calk-in 
as shown, or with the bottom end tapped for iron 
pipe to screw in. An increaser tapped for screw- 
pipe is shown in Fig. 43. 
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Ftf . 4G. BrUi Bath Tr»p for WEonghMna Wuto Work. 

Fig. 44 shows oDe style of tapped tee. 

Fig. 45 shows a brass bath trap that is used 
where the waste work is all wrought iron — or, 
as it is sometimes called, the "Durham" system. 

Water-Service Pipes, We shall now take 
up the water supplies to the various fistures. 

The main in the street is usually tapped by 
the local Water Company, and either the con- 
necting pipe is run to the curb line by the Com- 
pany, or else the plumber takes it at the point 
of connection. The kind of piping is governed 
by local rulings. In some sections of the country 
it is customary to run lead pipe to the curb, and 
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theu cither lead or iron on into the building, 
OthcT places reqiiii'tj only a Bhort section of lead 
pipe at the maiD, ufiiially about 18 inches in 
length; and from this point on into the building 
the pipe may be iron. 

In any case, iron pipe should never be con- 
nected directly to the corporation cock, as the 
cock that is screwed into the water main is 
termed, on account of the rigid connection being 
liable to breakage from settling either of the 
main or of the earth over the service, For a 
similar reason the service into the building 
should never be laid in the same ditch with the 
sewer line, unless a shelf of earth is left along- 
side the sewer ditch, on which the water service 
ean be laid, and which will insure a good foun- 
dation for it. Many a plumber has had to dig 
up the service after it has been in but a short 
time, to repau" a leak in it caused through set- 
tling of the dirt. 

Tlie sei"vice should be laid below the fiost 
line, and carried as diiectly as possible to the 
building. Where the acrviee pipe enters the 
building, it should be pro\'ided with a good, 
serviceable fitop and waste cock, j^laeed at a 
ixjint easily reached by the occupants of the 
building in case the water should require shut- 
ting off at any time on account of leaks, bursting 
of pipes, etc. 

As the job we are installing is what is termed 
a "city water" job, we shall proceed to install 
the pipii]g. It is understood that this is to be 
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put in place before the plastering is done or the 
bathroom floor is laid. 

We start the cold-water line at the front wall 
where the service enters; and rising to the ceil- 
ing, we run directly to the bathroom riser, where 
we place a stop and waste cock so that the bath- 
room can be shut off independently of the bal- 
ance of the system; in making this run, we put 
in tees at intervals for the connections for the 
other fixtures. The bathroom line is carried up 
to xindemeath the floor of the bathroom, where 
it branches to the tub, cl(^et, and lavatory. The 
nipples of these branches are left extending 
through the floor at the proper places, being 
capped for testing purposes and to prevent dirt 
getting into the pipe. 

We shall now extend the firat-floor lavatory 
supply to the proper point, placing a stop and 
waste cock on this line also. 

Next we shall extend the branch that sup- 
plies the laundry tubs, sink, and hot-water 
boiler, placing stops on the wash-tray and sink 
lines, but placing the stop for the range boiler 
at the top of the boiler. This will cut off the 
entire hot- water supply for the house; and sepa- 
rate stops can be placed on the various hot- water 
lines to the fixtures, if desired. The hot water 
for the bathroom can be either extended to the 
ceiling and carried across to the bathroom, or it 
can be taken to the cellar and carried up along- 
side the cold-water line. The hot lines, after 
leaving the boiler, can be run about the same as 
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the coid-water supplies j but on both lines there 
must be a dGfiiiite place to which the pipes will 
drain in case it is desired to empty the entiru 
system of waten 

In connectmg up the range boiler with the 
cold supply, a piece of pipe usually extending 
to within sis inches of the bottom of the boiler — 
known as a boiler tube — should he screwed into 
the boiler coupling to which the cold-water sup- 
ply is connected, for the pm'posc of carrying the 
cold water down nearly to the bottom of the 
boiler. The object of tliis is to avoid eliilling 
the hot water, which leaves the boiler by a pipe 
at the top alongside the cold-water inlet pijje. 
This cold-water pipe shoidd always have a small 
hole drilled in it at a point about one Inch below 
the top of the boiler, to prevent the possibility 
of the water being siphoned out of the boiler, 
which might ocem- in case the supply were shut 
off for any reason. This vent-hole in the cold 
inlet pipe should be about one-eighth inch in 
size, and should always he turned away from the 
hot supply, or it will throw a spray of cold water 
directly across the hot water leaving the boiler; 
and it may puzzle you for a while to find out 
why a job that is to all outward appearance 
piped correctly will nevertheless not give a good 
supply of hot water. 

In some cases, it is required that the job shall 
be supplied with soft water. This calls for the 
use of a water lift, and the soft water can be 
either pumped to an attic tank, or pumped di- 
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rectly into the system- There are a number of 
water lifts or motors on the market, operated by 
either electricity or by water power. In the 
electrically operated lift, the necessary wiring 
will be installed, and the soft water end will be 
connected by a suction pipe to the cistern, and 
a discharge pipe to the attic tank or directly to 
the system of piping through the building. In 
the case of a lift operated by water power, the 
cold city water will be connected at the opening 
marked for it on the lift, and the waste water 
can be discharged to the sewer or run to the 
kitchen sink (if an attic tank is used), in which 
case the lift will pump water whenever cold 
water is drawn at the sink; the discharge and 
suction on the soft water end will be connected 
up as before described. 

Where the soft water is discharged directly 
into the piping it is necessary to place a com- 
pression tank in the discharge line. This is 
uBuaUy a 30-gallon range boiler, which acts as 
a cushion for the pxmip or lift to work against, 
and insures a steady flow at the faucets when 
water is drawn. If such a tank were not in- 
stalled, the water would come in a sputtering 
stream as the lift delivered it into the pipe 
system. 

In some cases where an attic tank is used 
for the storage of soft water, a ball-cock, similar 
to the one used for regulating the supply to the 
water-closet flush-tank is placed on the soft- 
water supply to the tank, being set to limit the 
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supply to a certain height of Tvater iu the tank. 
When any water is drawn from the tank, the lift 
will replace it, and the supply then be shut off 
by the action of the ball-cock- 

Befrigerator wastes should never be con- 
nected directly to any sewer or drain-pipe, but 
should discharge into a sink indirectly, as per 
Kg. 46; or into soil-pipe^ as per Fig. 47. The 
use to which the refrigerator is put demands 
that unusual care be taken in disposing of the 
waste water. The piping should be provided 
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rig:, 47. Eflfngemtor Waste 
Cocnectlciii trt SoU-Pipe. 
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46. BefriHcrator Waito 
Oojuwctloii to 8iaJt- 



with cleanouts wherever there is a possibility 
of a stopijage occuiTing Erom the sawdust, etc, 
used in packing the ice; and the pipe should be 
run in such a manner that it can be readily taken 
down and cleaned if a atnppag*^ ocnure which 
cannot be cleared from the cleanouts. It is not 
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tisually necessary to vent refrigerator ti*ape, 
since the water does not enter tlie piping, as it 
does from other fi^turesr in a large volume, but 
only as the ice melts, and there is little possi- 
bility of any siphonage occurring- 

Waste pipes from refrigerators should be 
galvanized iron, with ends well reamed. The 
trap used at the soil-pipe in Fig, 47 may be made 
out of pipe and fittings. The end of the waste 
pipe from the refrigerator extends down into the 
pan (Pig» 47); and the waste to sewer con- 
nected toward the top of the pan will leave a 
place for the dirty matter from the ice to collect, 
and this can be removed frequently', being thus 
prevented from entering the waste pipe. By 
making the trap seal at the soil-pipe about 6 to 8 
inches in depth, there will be little danger of 
this trap being siphoned from the discharge of 
fixtures on the line above; and even if this did 
occur, the dripping from the ice woidd soon seal 
the trap again. 

TESTINa THE PLUHBINa 

After a job has been roughcd-iu, and before 
bring covered up, it should be thoroughly tested, 
to obviate the necessity for any tcaring-up of 
floors or removal of plaster ia order to locate and 
repair leaks that may show up after the fixtures 
ure set. 

Water Tost. The water test ia usually ap- 
plied on new work, and is one of the severest 
tests that can be adopted. Any defective ma- 
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terial or leaks in Joints will be readily detected 
when the system is filled with i^'ater. The mode 
of apph'ing the water test is to close up all open- 
ings in the soil, waste^ and vent pipea, either by 




Pig. IS. Illofftrfltiaff Die or Teat Plug tn Water Tflst. 

soldering the ends shut, if lead is used; by plugs 
or cajis, if iron pipe is used; or by test plugs- 

Fig. 48 shows one styl<? of test plug- These 
l)Iugs are made in different forms to auit all the 



uses for «fai<ii thty maj fae called npon in test- 
ing a job- The rubber rin^ expands against the 
sides of the pipe when the handle is screwed 
dowiL and it will stand considexable pressure 
before blowing oct — more pressure, in fart, than 
will be [^eed oc the piping svstem daring the 
test- The water snpply fi>r testing may be con- 
nected to the end of the test pitiz where capped^ 
with a stop-coek to shut off when neeessarr; 
attd then the system is ready for filling. 

The filling should be done slowly, and any 
leaks found should be inmiediately fixed- Where 
a leak occurs in a lead joint whieh only requires 
a little more calking, the water may be shut off 
untQ this is done: but if a split pipe or fitting is 
foundf it should immediately be replaced- It is 
better to fill from the bottom of the stack, since 
filling from the top is apt to allow water to run 
down the piping, and. having the appearance of 
a leak, makts rhe testing a more difficult job 
than is actually necessary. The stacks may be 
tested in seetions as the job progresses, by leav- 
ing out a joint of pipe and inserting same for 
the final test. This may be found necessary 
owing to the plasterers being in a hurry to get 
their work doce: and after inserting the sec- 
tions that were left out. it is a simple matter to 
test them on the final filling. 

A caref;:! inspection of the material as it is 
being put in place, will save much trouble at 
times, as it is an easy matter to detect cracked 
pipings or fittings by tapping same with a ham- 
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mer. The difference in sound between good and 
defective material, is easily detected by the ear 
after a little practice. 

Smoke Test. The smoke test is another test 
that eau be applied to joiighed-iu new work. It 
is iised most frequently, however, in testing old 
work, or in testing new work after the fistiirca 
have been set. The manner of applying a smoke 
test is to close all openings, the same as for the 
water test, and also the opeuings at the roof. 
The testing machine, which is made especially 
for this pm-pose, is then connected to thn piping 
system, and the smoke turned into the pipes. 
Oily waste or rags ai'c placed in the machine 
and lighted, thus generating a heavy smoke 
which will entirely fill the pipes, and escape 
through any leaks that may exist — which are 
thereby easily detected. The smoke test ia pre- 
ferred by many, as it is cleaner than the water 
test, should any leaks develop, and tliere is no 
wetting dowTi of the building. 

Peppermint Test. The peppermint test is 
applied by putting about two ounces of oil of 
peppermint into the system at the roof, after all 
openings have been closed as with the other 
teats^ and jK>nring about a gallon of hot water 
into the piping, immediately closing the opening 
with a plug kept at hand for the pm'pose. The 
fumes of the peppennint are supposed to travel 
throughout the system of piping, and to pene- 
trate any existing leaks, the presence of which 
can then be detected from the eharaetcriatic 
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BmelL There being no pressure applied in this 
test, there is a poeaibility of the odor not escap- 
ing through very small leaks; and this test, 
therefore, is not so reliable as the water or smoke 
tests. 

The peison who puts the peppermint in the 
piping should not try to look for leaks, as he 
will carry the odor around with bim through the 
building, and is apt to imagine that he smells 
leaks where in reality they do not exist. 

In the water test, the piping at the bottom 
of the system will receive the heaviest pressure ; 
and in tall buildings, this pressure may be heavy 
enough to burst the pipes. It may be policy, in 
such cases, to test the job in sections, as spoken 
of before. The pressure that will be exerted on 
the stacks at any given point, can be easily de- 
termined by multiplying the head, in feet, by the 
decimal .434 — which will give the pressure in 
pounds per square inch at that point. Every 
foot in height of a coliunn of water exerts a pres- 
sure per square inch of .434 pounds; and in a tall 
building, it will readily be seen, this pressure 
will amoimt to considerable at the foot of the 
stack. 

Local rulings generally prescribe the form of 
test to be applied to plumbing installations. 
Many plumbers, where there are no local rul- 
ings requiring or regulating tests, test all their 
work for their own satisfaction, and ai-e then iu 
a position to guarantee absolutely with some de- 
gree of satisfaction, all the work they instaU. 
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The added cost for teeting does not amount to 
a very large item; and it gives the plumber the 
advantage of an added prestige when it becomes 
known to his cuatomera — both the customers he 
already has, and prospective ones — that any job 
he does must be right to bis own satisfaction 
before he is ready to turn it over to his custom- 
ers; and this will soon increase his list of clients. 
There is only one way to do work, and that is to 
do it right; and this fact soon becomes known, 
and to your credit. 

HOT-WATER SUPPLY 

Tliere are various ways of heating the water 
for domestic and other uses. We shall first take 
up the manner of heating by range boilers and 
coils or water-backs, x)assing on to automatic 
and instantaneous heaters. 
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Fiffn 49, Single Wa.t«i-Back uid OohqacUoii*. 

Pig. 49 shows the common method of con- 
necting a range boiler to a pipe coil or a cast- 
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iron water-back. The BketehiB self -expUnatory, 
If lead pipe is used, care must be taken that 
there will be no pockets for the air to collect in, 
as this will seriously interfere with the working 
of the job. Lead pipe does not give as good sat- 
isfaction for the hot-water pipe from the water- 
back to the boiler, as does the use of brass or 
iron, since the expansion and contraction due to 
alternate heating and cooling have a tendency to 
stretch the lead pipe, and in time will start a 
leak. Galvanized-iron or brass piping is slowly 
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Fig, 50. Comuctloiu to Wat«T-B«^ and Pnnuce. 

replacing the xise of lead pipe, and in some jobs 
there is no lead pipe used whatever. Pig, 49 
shows a connection to one water-back only. 
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Pig. 50 shows the same form of connection 
for the water-back on the fii'st floor, but also 
shows a conDGCtion to the furnace or boUor in 
the basement. The sediment cock, it will be 
noted, fs placed at the low point in the basement, 
whereas, on the first floor, it was placed under 
the range boiler- Any number of water-backa 
can be connected to a single boiler, if due care 
is taken in making the connections, so that the 
hot-water cui'reuts will Dot buck against each 
other, and reverse the water travel or cause 
hammering. 
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Fig. 6L Coim«ctloas to Wator-Back, Fcmaco* and Oa« Haatar- 

Fig. 51 illustrates about the same thing as 
Fig. 50, but shows a gas heater also connected. 
This heater, if desired — as, for example, in hot 
weather in summer-time — will work independ- 
ently of the other means of heating the water 
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in the boiler; or they may all be worMng at once, 
without iDterfering with the action of one an- 
other. In some cases the gas-heater is con- 
nected to the boiler alone, and is the only means 
of heating the water. This very often occuro in 
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Fig. 52. Tjp« or &Hiffl-Boll«r 
I&iUllAtlon &u«l7 Used, 







Fir 54. Tartlcal ftuigs Boim 
frith auun OollK 



apartment houses or *'flat buildings," where the 
structure is heated by steam, and where gas 
stoves are used for cooking; or the gas stove 
may have a water-back connected to the range 
boiler. 
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Fig, 52 shows a type of range-boiler installa- 
tion which is very rarely used and is not very 
successful in operation, aa the circulation is apt 
to be sluggish- It will work as shown in the 
sketch; and the higher the loop extends above 
the top of the boiler, the faster will be the cir- 
culation; but the use of this type of iuatallation 
should, if possible, be avoided. If, however, this 
type must be used, the hot water must be taken 
from the top of the loop, in order to free the loop 
from the air whiiJi mil accumulate at that point. 

CotJ Supply ^ 
C>uppty 



^eiurn 



^Hot to 












Flff- BS. Horliontal Bangfl Boilar wltJi Steam OoUs. 

Another form of hot-water heater in very 
ficquent iiae is shown in Kg. 53 — called a tank 
heater. Heaters of this type are constructed in 
various styles and sizes to meet all requirements. 
The sketch shows the manner of connecting to 
the range boiler. These heaters are used exten- 
sively where large quantities of hot water are 
desired, and are very satisfactory. 

Figs. 54 and 55 show different types of range 
boilei-s with steam coils therein, by which the 
water in the boilers is indirectly heated- This 
1b an economical method of heating water where 
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a building is heated by steam, and irtiere there 
is exhaust steam aTailable. By its use the cost 
of heating water is reduced practically to 
Dothiug. 

Siaes of Coila. As any plumber may be 
called upon to install a boiler of this type, we 
shall figure out the size of steam coil necessary 
to raise the temperature of the water in a 30- 
gallon nu^ boiler from the average tempera- 
ture of the water supply, say 70 degrees, to a 
temperature of 160 degrees, that desired for use. 

Since a gallon of water weighs 8^ lbs., and 
the boiler contains 30 gallons, it follows that 
30x81/3=250 pounds, the weight of water in 
the boiler. 

The increase in temperature desired is from 
70= to 160=— a total of 90 degrees, since 160— 
70=90, 

Since a heat unit is the amount of heat re- 
quired to raise one pound of water one degree 
in temperatm-o, then, in order to raise 250 lbs- 
90 degrees, we shall require a total of 250x90= 
22,500 heat units. 

The steam pressiire is 2 lbs., gauge. 

Temperature of the steam at this pressure is 
220\ 

Average temperature of water is found by 
adding maximum and minimum, and dividing 
by 2; thus, (70+160)h-2=230-=-2=115% aver- 
age temperature of water. 

Average difference in temperature between 
steam and water is 220 — 115=105 degrees. 
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It is a well-known fact that steam coils sur- 
rounded by air at a temperature of 70 degrees 
give off roughly about 2 heat units per degi-ee 
difference in temperature per hour; but when 
placed in water they condense steam approxi- 
mately 50 times as fast per degree difference in 
temperature. It is also a well-known fact that 
one square foot of heating sui^faeo will transmit 
about 100 heat units per horn' per degree differ- 
ence in temperature. Therefore each square 
foot of steam eoil in the boiler water will give 
off 105X100=10,500 heat units per hour. 

The total square feet of heating surface re- 
quired wiU therefore be 22,500--10,500=2-14 
square feet approximately. 

Now, since it requires 2.9 feet of l-inch pipe 
to equal 1 square foot of beating sui'face, there- 
fore 2,9x2.1-4=6 feet 3 inches, approximately, 
of 1-ineh pipe in the coil required for heating 
the 30 gallons from a cold-water temperature of 
70° to a temperatme of 160^ with steam at 2 lbs. 
pressui^e — or about 1 square foot of heating sur- 
face in the coil to each 14 gallons of water in the 
boiler. 

The ordinary range-boiler with a steam coil 
will give entire satisfaction if the steam coil is 
based on 1 linear foot of 1-inch pipe to each 5 
gallons of water to be heated per hour, the water 
being heated from a temperature of 60^ to one 
of 160°; and this is the basis on which they are 
constructed- 

The same method of calculation can he used 
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for steam or water at vaiying tempentuzeB, axid 
for lesBer. ex greater qnantitieB c^ water. The 
ratio of 1 aquare foot of faeatmg surface to each 
15 gallfflia of water to be heated is based on iron 
{ape coUb; and the ratio for brass or wpper 
plpng will be about 1 square foot to eaeh 20 or 
25 gallons^ owing to brass or copper belDg a 
better conductor than iron. 

The size of the pipe coil necessary for heat- 
ing the water when coils are placed in a stov^ 
furnace^ or boiler^ can be determined hj allow* 
ing 2^ square inches of surface actually exposed 
to the fire, for each g^on of water to be heated. 
This would mean 75 square inches of surface for 
a SO-gallon boUer, or about 2 feet of %-ijLch 
pipe, or about 1 foot 6 inches of 1-ineh pipe. 
This piping should have the ends well reamed 
of the biuT that is left by the cutters when cut- 
ting off the pipe, 88 the burr would have a tend- 
ency to cause the coil to choke or lime up if the 
water should be dirty. 

The above calculation is based on heating 
the water in the boiler in one hour. If it is de- 
sired to heat it faster, a greater amount of sur^ 
face must be used, and the surface required can 
be readily determined from the above data. 

The proper size of water-back or coil for a 
range boiler must be carefully determined. The 
use of a coil that has too much heating surface 
will result in considerable annoyance to the occu- 
pants of the building, from the rumbling noises 
that will be caused by the water boiling. This 
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is a very common mistake, and sLould be 
watched. On the otbc?r hand, do not make tin- 
coil too small, as it wiU simply have to be re- 
placed by a larger, and here is where the plum- 
ber is apt to ^o to the other extreme and put in 
a coil too large. A careful foUowing of the facts 
stated above will enable one to install the proper 
size at once. 

Instantaneoiis Hot-Water Heaters. Figs. 56 
and 57 show common types of instantaneous hot- 
water heaters. Their operation is as foUowa: 




rig. 66. IcfltauiUaeous Hot-W&tei H«ftt<i. 

Water and gas or gasoline being connected 
to the heater at the proper places, the water, on 
bring turned on, is canned to the top of the 
heater, where it is distnbuted in a thin sheet or 



iu 



nxiraixG 



SDuE sCmBB A>wii£p d^vnwazd OTer a ^eet- 
ebiKaI evuni^er v^ika fo£SK put of the interior 
tftxiecruifcUr-c o^ ^^ h«fiUtf, and thus becomes 
varnuerl, after v^in^ it bs (carried to point de- 
sined. Tbes^ hearers h^Te the i^ter and gaa 
vatres 50 <^>c&tr:i'>;tcii mat it is impossible to turn 
on the gas vitho^ a^ r^imin^ on the water, and 
the burning of the heater i^ thos avoided. A 
vent-pipe shocid always be attached to the top 
of a heater, and earrird to some convenient flue, 
althongh it is daimed for the heater shown in 
fig. 57 that no due is necessary. A drip-pipe 
shoold be attached to the drip-pan or shelf on 
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Tig. G7, InfUJiUu«oiu HotWftUr Hmut. 

which the heater rests, to take care of the con- 
deiisatiou which will occur at times. 

This tj'pe of heater is made in sizes that will 
give from 1 to 9 gallons per minute^ heated £fom 
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the ordinary temperature of cold water to a tem- 
perature about 310'' to 120°; but is seldom used 
when water of a higher temperature is desired. 
Heaters of this type are very extensively em- 




Tig, 58. £l«ctilc W»t«i-H«atcr. 

ployed for heating water for bathing purposes 
dui-ing the summer months in private houses, 
and give imiversal satisfaction. They are fxu'- 
niehod in plain finish and also nickel-plated, 
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Mati Tboir are a number of good makes on the 

Tif. ^ shows an elw^ilc vater-heater. A 

TfWKvsts the hot-water outlet of a 1-inch pipe; 

S w 1^ air and steam vent-pipe and valve; is 

A lJS^:alkin galvanized-iron tank (cut away in 

i«rT TO show the steam can) ; D is the steam can« 

m^vdi i$ d4>sod at the top and open at the base, 

Mi^ t^anJy ^ut awav in the figure to show the 

^fW«iTion of the olecTTodes; £ represents the two 

4^-5nxl^ whioh consist of pieces of 1-inch iron 

^Vh ^cti*ht\l here in section to show the 

w^h\xl by whii'h the current-supply wires are 

A^uhvttxi, F shows the concave bottom of the 

HhWkiu Tank: O is a rt^niov^le plate with a water- 

l^hf j^Hskot: U H are stuffing-boxes; I I are 

rtir»-iiteuUHtt\l rubber wires supplying current 

Iv^ \\w oKvTnxU^: and J is the 1-inch pipe 

thyv*iV>^ whioh *vM water is supplied to the 

riio \\MislnK'TuMi is based on the principle of 
A wrttor rluwsTaT o^vratod under an inverted 
iAiik iM' \'M\^ all Iviri: euolosed in an outer tank, 
\\\i' wMcv in ^vhi^■h is either imder pressure or 
^^llu'i^^v ISO iis may Iv desinni. The inner or in- 
\\*vl\\l \'M\ *vutains eUvtroiles, marked E E in 
\\w \i\i\^vA\\\^ whU'b an* se^iarated a distance of 
M\ MU'h aiul om^-^iuarler and on which is main- 
UuH^l a p!\^4sun* of "hX^ volts in 60-cycle alter- 
(i4fuv< I'lim^ut. Obviously, any steam formed 
lv\ (lu- Iu\ifiii4,' of tbt* watt^r will rise within this 
\\\wv a\u\ auiL ;ifi its pn^ssiiiv inort^ases, it drives 
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the water thcrciB downwardfi, hence off the elec- 
trodea^ thus automatically controlling the cur- 
rent coDsmuptioD and keeping the can filled 
nearly full of steam, which in turn maintains the 
temperature of the water in the outer tank at a 
point near boiling. 

This heater is not on the market. One of this 
type, however, has been in operation for a little 
over three yeai^s, and has given good satisfac- 
tion. It is interesting to note that while its 
maximum consumption of energy is approxi- 
mately five kilowatts when both tanks are filled 
with cold water, this consumption decreases 
gradually as the temperature of the water rises 
and its position in the inner tank lowers, until it 
reaches a minimum of three-tenths of a kilowatt- 
The capacity of the outer tank is 15 gallons, and 
it is but partially protected from the cold air. 
At A is located a small valve by means of which 
trapped air may be let out from the inner can, 
or, if desired, steam may be blown from it in 
order to hasten the heating of the water in the 
outer tank if an extra amount of hot water is 
wanted quickly. The steam can and electrode 
are mounted on the bottom plate of the main 
tank, to which they are attached by cap screws. 

It is desirable that the tank should be insu- 
lated, and that ita inlet and outlet pipes should 
consist of rubber hose to prevent the grounding 
of the current supply. While the plumber will 
not be called upon to install a heater of this de- 
scription, still it is well to know how water can 
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be heated aueceasfuliy by means of electricity. 
Heating water by electricity is a commercial 
possibility of the future, and the phimber who 
understands it is abreast of his ealliiig. 

Automatic Water Heaters. These are made 
iu a number of styles. Fig. 59 illustrates a typi- 
cal installation, the type of heater shown being 
kno\™ as the "Ruud." 

These heaters consist of a series of copper 
eoils aiTanged one above the other, underneath 
which is a cluster of Bunsen burners* They are 
operated by a tbennostat valve which acts as 
follows: When the hot-water faucet at the sink 
or some other fixtuie is opened, cold water passes 
over the thermostat, causing it to contract and 
open the gas-valve, which admite a large quan- 
tity of gas to the burnei-s. This is ignited by a 
pilot light maintained by a small by-pass in the 
valve. This large volume of gas, burning up 
through the coils, instantly raises the tempera- 
ture of the water to the desired heat. The tem- 
perature is regulated by the volume of gas ad- 
mitted to the heater through the thermostat. 
Ah long as cold water is being drawn, gas is 
burning, and of course hot water flows- When 
the faucet is closed, the flow of water into the 
heater and through the thermostat ceases, caus- 
ing the thermostat to heat and expand and there- 
by closing off the flow of gas to the heater, with 
the exception of the small amount required for 
the pilot light, which bm-ns constantly. 

This is the arrangement of a single heater for 
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use in private dwellizigs; but in public buildings, 
such as a hospital, where a large quantity of hot 
water ia needed, a storage system is used. Fig. 
59 shows the installation for use in a hospital 
or other large building requiring a large volume 
of hot water. Connections are shown for a cir- 
culating system of piping, A 300-gaUon tank 
is suspended from the joists by means of ^inch 
lag screws turned up into the joists as ^own 
at C. The hangers can be made by tuming 
^inch pipe into the desired shape. Left-hand 
threads can be cut on the ends of the pipe, and 
connected to the lag screws by means of right 
and left couplings (D). Two No. 6 Buud heaters 
are used, one at each end of the boiler, and con- 
nected up with brass pipe of the sizes indicated^ 
The return pipe I is connected to the top of the 
manifold E, 

At first glance, this seems to be against both 
theory and practice; but, as each individual coil 
is connected separately to the manifold, with a 
pitch of about 3 inches from one manifold to 
another^ it is not so much against good practice 
as it seems. 

The water supply F is connected into a re- 
ducing fitting (S) in the manner shown, so that 
it will act on the injector principle, thereby in^ 
ducing a more rapid circulation when water is 
being drawn at the fixtures. On the circulation 
pipe L, 45-degree fittings are used, so as to 
offer as little resistance to the flow of water as 
possible. 
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Gbb to the heaters ia supplied through the 
pipe M, a globe valve N, being placed on each 
branch supply pipe at the most convenient 
point. 

The hot-water supply pipe is taken from the 
top of the boiler, a blow-off valve being placed 
at B, This valve is set to blow off at a few 
pounds above tbe masimunD street pressure, so 
that if the water gets excessively hot at any 
time, it will not expand back into the cold-watei' 
supply for the building. There ia no check- valve 
shown on the return circulation pipe Q, and 
it would be advisable to place a swinging check- 
valve, with a light disc, at the foot of each rising 
line connecting into the main return line. If 
this is not done, cold or partially cooled water 
will be likely to work back up any one of the 
circulation risers; and, when the faucets are 
opened, the hot and cool water might mingle at 
the point of junction^ bo that, unless the water iji 
the boiler is excossively hot, water only par- 
tially heated might be drawn. 

The smoke-pipes HII are to be connected to 
a convenient flue, 

A careful study of the sketch and the descrip- 
tion will make this t>'pe of heater perfectly cleai'. 

Other types of automatic heaters are gov- 
erned by the temperature of the water. After 
the heaters arc set — that is, after the thermo- 
stats have been set — a alight change of tempera- 
ture in the water will automatieally turn on the 
gas. which will burn until the water reaches the 
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teiu|)eratwre for which it has been set; and then 
thi> Ktts supply wiU be automatically shut off* 
tliw oprrntioii being repeated indefinitely. 

Kithrr style of heater is very satisfactory, 
anil, aftin' bring installed requires very little at- 

trutiou, as all are what their name implies — 
autonmtir. 

h'i(j, tU) shows a typical installation of hot- 
aiul 4"tthl-\vat4T supply, with cold-water supply 
fnun slrin^t mains. As tliere is no place for the 
wfttrr to i*xi>juul when heated, except back into 




Fig. 60, TypicU TDKUUfltlon of Hot- uid Cold-Water 8nppl7i with 
Cold Supply from Strest MAlDv, 
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the street mains thi^ough the coid-water supply, 
a check-valve should not be placed on the cold- 
water supply pipe. Be sure and drill a V&-ui<Jli 
hole in the boiler tube about one inch from the 
top of the boiler, and see that the spray from 
this upeiiiug does not shoot across the hot-water 
outlet and chill the outgoing hot water. By 
placing a valve on the cold-water supply to the 
boiler, the hot water may be shut off the system 
for the purpose of making repairs, etc., without 
interfering \vith the cold-water system. This is 
the common method of piping for the average 
installation in residence work, where the water 
supply is taken from the street mains, and the 
water can be heated by any of the methods here- 
tofore described. If an automatic water-heater 
is used, the boHer and water-back may be 
omitted. 

Fig. 61 shows a piping system in which the 
fixturi^, with the exception of the water-eloset 
and sink, are supplied with soft water, these two 
fixtures being supplied with city water. On the 
riser from the water-lift, at the attic tank, is 
placed a ball-cock such as is used in the tank of 
the water-closet, which maintains an established 
amount of water in the tank, and, when any 
water is drawn off, will automatically replace 
the amount used- The sketch shows the fix- 
tures supplied with cold soft water* from the 
riser from the lift running to the tank; and the 
cold-water supply to the range-boiler is taken 
fi'oni the tank directly. When ordinarily used, 
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Flf. 61. Bot- and Oold-Wftt«T Snpplj Plpliif STitam for > 

Besldencfl. 

Water-closet and sink aupplied directly with cilj water. 
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the valve B is closed; but in case the soft-water 
supply gives out, closiug valve A and opening 
valve B will admit city water into the entire 
piping system. The attic tank provides a re- 
serve supply of water in case the city water is 
shut off temporarily. By eross-connecting the 
pipes D and C, and placing a check-valve on 
pipe E and the cross connection, when the prcs- 
siire goes off the ri?*er pipe to the attic tank, the 
cheek-valve will allow the water from the tank 
to enter the piping system, and the check-valve 
at E will prevent the water from going out to 
the street mains, this operation being reversed 
when the city pressure conies on again. 

li^g. 61 is a combination of several possible 
systems, and should be studied carefully, as it 
embodies almost everjihing that the plumber 
will be required to place in the average instal- 
lations. By leaving out the attic tank, and con- 
necting pipes D and C, the regulation closed 
eyetem of soft-water supply by means of a 
water-lift is shown. A 30-gallon tank is sus- 
pended from the basement ceiling, on substantial 
hangers; and into it the discharge from the soft- 
water cylinder of the water-lift enters through 
a bent pipe which throws the incoming water to 
the bottom of the tank, this action having a 
tendency to prevent any sounds in the piping 
which might be caused by the action of the lift. 
It is good practice to place an air-chamher on 
the city water supply to the lift, to take up the 
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jar that is caused by the lift cutting off at the 
end of the strokes. 

The cold-water suppiy to the fixtures is taken 
from the bottom of the tank, thus getting the 
full benefit of the compressed air which is stored 
in the top of the tank, and thus insuring a steady 
flow of water at the fixtures, which will not be 
obtained without the use of the tank. 

Where the soft water is pumped directly to 
the attic tank, the city water waste from the lift 
can be carried to the kitchen sink ; and when any 
city water is used at the sink, the lift will oper- 
ate and dischai'ge a certain quantity of water 
into the tank. A ball-cock at the attic tank 
should not be used if this is done. 

Another method is to run a separate riser 
to the attic tank, and provide a ball-cock as 
shown. This does away with the air-tank; and 
in case the soft-water supply gives out, the open- 
ing of a valve in the cross-connection between 
the city water and the soft-water riser to the 
tank will allow the city water to enter the riser 
to the tank; and the cold water branches to the 
fixtures can be taken either from the riser to 
the tank, or from the cold-water supply to the 
range-boiler. The latter method is preferable, 
as the full benefit of the water in the tank will 
be obtained in the entire piping system, which 
would not be possible if the branches were taken 
from the i-iser to the tank. 

Any one of these installations is really sim- 
pler than would seem to be the case from the 
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descriptioQ; audacarefulstutly of the above will 
enable the reader to cope with any hot-water 
heating problem that is likely to arise in 
ordinary practice, 

USEFUL TABLES, BULES, ETC. 

The experience of practical plumbers has 
resulted in the aceumulation of a great mass of 
useful information which has been embodied in 
the convenient form of ready tables, concise 
practical rules, etc. We now present such por- 
tions of this accumulated fund of information 
aa will be found of greatest practical value in 
ordinary plumbing work, 

TABLE IV 
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Capacity of Sewer Pipe. Tlie carrying ca- 
pacity, in gallons per minute, of sewer pipe laid 
at various grades, is shown in Table IV. 

Discharge of Sewer Pipes. Table V shows 
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the discharge from various-tfized sewer {upes 
laid on a grade of 1 foot in 100 feet. 

Slie of Sewer Pipes. Table VI showB the 
size of sewer pipe required to cany off the rain 
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TABLE VI 

SlM Of Smm Plpt to GaiT7 Ealn Witer from Boofi 
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TABLE Vn 
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water from various-sized root's, under average 
conditiouH of rainfall. 

Sizes of OalTanized-Iron Kange Boilers, '^Tbe 
(liiiieiisious aud weights of both '"Standard" and 
"Extra Heavy" galvanizcd-ii'on range boilers 
are given in Talkie V^II, 

Miner 's Inch . A Miner 'b inch of water 
about equals 12 United States gallons per 
mimitG, 

Sheet Lead. Tlie weight and thickness of 
sheet lead are indicated in Table VHI. 

TABLE vm 

Weight sud TbickncBG of Sheet Lead 
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Brass Piping. Table IX gives the weight 
per linear foot of brass pipe of standard iron 
pipe sizesi 

TABLE !£ 

Wri^bt of Brass Pip« 
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How to Make Biut Jointfl. The foUowing 
five toethoda oC makipg ru£t joints are in com- 
moD use: 

(a) Measure by weight, 2 parts of Flour 
of Sulphur, 1 part Povrdered Salammoiiiac, 80 
parts Iron Borings. Mis with water to a paste, 
and apply to the joint that it is desired to make. 
This seta quickly, and makes a good joint. 

(b) Measure by weight, 1 part Flour of 
Sulphur, 2 parts Salammoniac, 200 parts Iron 
Borings. Mix with water to a paste acd apply. 
This is longer in setting than the first combina- 
tion, but makes a much stronger joint. 

(c) Mix 10 parts Iron Filings and 3 parts 
Chloride of Lime to a paste by means of water. 
Apply to the" joint, and clamp it in place. This 
will set solid in about 12 hours. 

(d) Mix 80 parts of Iron Chips or Borings, 
2 parts of Salammomac, 18 parts of water to a 
paste^ and apply to a joint. Sets slowly. 

(e) Miz 5 pounds Iron Filings, 1 ounce 
Sulphur, 1 ounce SalammoniacT with water, to a 
paste. Apply to joint. Bets in from 3 to 5 
hours. 

To Find Centers between Fittings, To Qnd 
the length of piping required to connect fittings 
where offsets occur — that is, to determine the 
distance between fittings, center to center, mul- 
tiply the length of the ofeet, in inches* by the 
factors indicated as follows: 
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For example, suppose that it is desired to 
know the length between centers, of two 45- 
degree ells, when the offset is 2 feet (see accom- 
panying diagram, Fig. 61 A). Since 2 feet— 24 
inches, we have: 

24x1.4142=33,9 1, or practically 34 inches, whieh, allow- 
ing off for the ella, will give the length of the pipe re- 
quired. 
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Capacity of Storage Tanks. As a basis for 
Hguring the sine of storage tank required, we 
may take the average amoiint of water used 
daily by one person, which is as follows: 
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Tanks up to 6 by 22 inches are tapped 1 inch^ 
Tanks up to 10 by 30 inches are tapped 1^ 

inches. 

Tanks above 10 by 30 inches are tapped 2 

inches, 

TABIBXn 
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TABLE xm 
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For example, a 6-iiich sewer, laid to a grade 
of 1 foot, in 61.2 feet wiU have a velocity of 270 
feet per minute, or 4V^ feet per second, and will 
discbarge 324 gallons per minute. Other grades 
and discharges can be similai-ly figured from the 
table. 

The friction loss caused by ells and valves in 

pipe work can be calculated from the data of 

Table XIV, 

TABi^ xrv 
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If, for example, it is d^ired to know the fric- 
tion loss in a line of piping, caused hy 2 ells and 
1 valve, the size of pipe being 4-inch, by refer- 
ring to the table, it will be seen that one 4r-inch 
ell is equivalent in friction to 14 feet of pipe, 
and the 2 eUs would therefore mean 28 feet, 
which, with 20 feet for the valve, would make a 
total friction equivalent of 28+20 feet, or a total 
friction loss eqxial to the friction loss in 48 feet 
of 4-inch pipe. 

TABLB XV 
H«at XTnlti In Q9Um 

I cn. foot of Natural Gas will give off 900 to 1,000 B. T. U. 

1 " *' " Acetylene Gas 1,090 " 

1 *' '* " Coal Gas 650 to 700 " 

1 " " " WaterGaa 300 

1 '* " " Producer Gas 120 to 150 *' 

TABLE XVI 
Tflmperattm of Vuiou FUma* 

Gaa-jet flame, with Oxygen 2,200° Ceiitigra<Je 

Hydrogen flame in air 1,900* 

BuDHen burner 1,871° " 

Acetylene 2,548° 

Alcohol 1,705° 

Denayrouze burner, i alcohol, j petro- 
leum 2,053° 

Oxyhydrogen flame 2,420° " 

Soil-Pipe Sizes Allowed by VariouB Cities. 
Mumeipal regulations ordinarily govern tin* 
sizes of soil-pipe that are allowed to be installed 
in towns and cities of any considerable size. 
The regulations in some of the leading Amer- 
ican citi^ are indicated in the following; 
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Baltimore, Md. Buffalo, N. Y. Chicago, HI. 
Cinciimati, Ohio. Denver, Colo. Detroit, Mich. 
Minneapolis, Minn. New Haven, Conn. OmahOi 
Keb. St. Joseph, Mo. 

San Francisco, Cal. 
Minimum diameter, 4 inches- 

Alleghany, Pa. Pittsburg, Pa. Scranton, Pa. 

For 1 to 4 watcr-(rlos('t.s, not less than 4 inches. 
For 4 to 8 water-cloaets, not lees than 6 inches. 

Jersey City, N. J. 
For 1 and less than 10 water-closets, with other 

fixtures, 4 inches, 
For 10 and less than 20 water-closets, with other 

iixtuTGe, 5 inches. 
For 20 or more water-closete, with other tix- 

tures, 6 inches. 

Milwaukee^ Wis. 
For 4 water-closets, 4 inches. 
For 10 water-closets, 5 inches. 
For 25 water-closets, 6 inches. 
For over 25 water-closets, 8 inches. 

Newark, N. J. Faterson, N. J. 
For main soil-pipe, 4 inches. 
For main soil-pipe for water-closets on 5 or 

more floors, 5 inches. 
For main soil-pipe for teuL^ments or factories, 

5 inches. 

New Orleans, La. 
For 1 to 5 water-closets, 4 inches. 
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For 1 to 6 wartr-elfj&ets. 4 hxk«s. 

For 7 to 12 water-el<:eets, 5 mdi€s. 

For 13 to 30 water-cl-:'6€^t5- 6 indies. 

If btulduiz i« 5 tip to 12 ^ori«s high. 5 inches. 

If bmldmg is more than 12 stories hi^ 6 indies. 

Bodwster, F. T* 

For 1 to 30 fixtures. 4 indies. 
For 30 to 30 fixtures. 5 inches. 
For 51 or more fixtures. 6 indies. 
One water-closet is coonted as 2 fixtures; one 
tub, or sink, etc^ is counted as L 

St Paul, MimL 
For main soil-pipe, not less than 4 inches. 
For maiD soil-pif-e for water-closets on 5 or 
more floors, 5 inches. 

Cleveland, Ohio Colmnbos, Ohio 
The masimum number of fistures connected 
to pipe of various sizes is indicated as follows; 
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10 " 800 l.fiOO 200 400 

11 ^' 1,060 2.120 255 530 

12 ■' 1.420 2.S40 355 710 

Washington, D. C. 

For 1 to 12 water-clusetbj -i iucht's. 
For 13 to 35 water-closets, 5 inches. 
For 26 to 40 ^ater-closeta, 6 inches. 

Toledo, Ohio 

For main soil-pipe from 6 water-closets or bath- 
i*ooms, 4 inches. 

For main soil-pipe from 6 to 10 bathrooms or 
water-closets, 5 inches. 

For main soil-pipe from more than 10 bath- 
rooms, 6 inches, 

A 3-foot urinal trough or wash-sink, or 1 
bath^ basin, eink, or small fixttiro, is eoimted as 
1 flxturc; and 1 water-closet, pedestal m"inal, or 
slop hopper, ia counted as 2 fixtures. 

The above shows the sizes used in daily in- 
stallations in various cities where local riilings 
govern, and all work is tested and inspected 
before being covered up by the other trades. 

Rust spots on marble may be removed by 
applying a mixture of 1 part nitric acid and 25 
parts water, then rinsing off with 3 parts water 
and 1 part ammonia. 

Painting Galvanieed Iron. First wash with 
vinegar, which roughena the surface, then apply 
the paint- 
Painting Pipes in Greenhouses. Do not use 
asphaltum or tar paints in a greenhouse, as they 
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will injure the plants. Use a mixture of lamp- 
black and boiled liuseed oil, thjimed with 
turpeDtine. 

Cement for Iron and Marble. To cement 
iron to marble, use the following mixture; 30 
parts plaster paris> 10 parts iron filings, 1 part 
sal ammoniac; mix to a fluid state with vinegar. 
Use at once, as it hardens rapidly. 

To Cement Brass Work to dlass. Ttfjy 2 
parte litharge, 1 part white lead, 3 parts linseed 
oil, 1 part gum copal, and use immediately. 

Cement for Porcelain. Soak 1 dram isin- 
glass in water; pour upon this a sufficient quan- 
tity of alcohol to cover the isinglass; allow it to 
dissolve, placing it in a warm room- Next dis- 
solve % dram of mastic in 1 fluid dram of 
rectified spirits of wine. Mix both solutions 
together; add i^ dram of powdered gum am- 
monias, and evaporate the mixture in a water 
bath until it is the right consistency. Keep the 
cement in a glass bottle. Warm before using, 
and also warm the part of the porcelain to be 
cemented, 

A cement that will resist white heat is made 
in the following manner: Mix 4 parts pidver- 
ized fire clay, 1 part plumbago, 2 parts Iron 
borings or filings free from oxides, 1 part 
peroxide of manganese, 1^ part borax, 1^ part 
sea salt- Mix to a stiff paste with water, and 
use immediately. Heat should be applied grad- 
tially the first time. 

Qrafting wax, to be used instead of putty 



PLUMBING 



S37 



iu Bvttiug water-closetflj may be made as follows; 
Melt and thoroughly mix together, 3 lbs. mutton 
tallow» 5 lbs. beeswax, lU lbs, resin. Pour into 
cold water, and work with the hands until the 
eoloi' of pulled molasses taffy- Keep in a tight 
can when not in use. This will make a tight 
joint where the closet joins the lead pipe, and 
will not dry out and crack like putty. 

Cement mortar for setting closets on cement 
floors, is made as follows: Mix 3 parts Portland 
cement and 1 part iine sandp 

To Harden Cast Iron. Cast iron can be 
hardened as easily as steeL Use the following 
formula: i/. pint vitriol, 1 peck salt, y^ Ih. salt- 
peter, 2 lbs. alum, y^ lb. prussic potash, 14 ^^• 
cyanide of potash. Dissolve in 10 gallons of 
raiu water. Stii- until thoroughly dissolved. 
Heat the iron to a cherry red, and dip into the 
solution* If the iron is to be very hard, reheat 
and dip the second or third time. 

To Inscribe Metal, Cover the part to be 
marked, with oielted beeswax; and, when cold, 
mark the desii'ed inscription by cutting through 
the was down to the surface of the metaL Now, 
with a mixtiu-e of y^ ounce of nitric acid and 1 
ounce of muriatic acid, fill the inscription, using 
a feather. Allow this to remain for from one 
to ten minutes, and then throw on water to 
check the action of the acids. Remove the wax 
by heating. This is a good method of marking 
tools. 
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To find the area of a rectangle, multipl}^ the 
length by the width. 

To find the area of a triangle, multiply the 
base by % the perpendicular height. 

To find the circumference of a circle, multi- 
ply the diameter by 3.1416. 

To find the area of a circle, square the 
diameter and multiply by .7854; or multiply the 
diameter hj the circumference, and divide by 4. 

To find the diameter of a circle of given area, 
divide the area by .7854, and find the square 
root of the result. 

To find the diameter of a circle which shall 
have same area as a given square, multiply one 
side of the square by 1.128, 

To find the number of gallons in a cylindrical 
tank, square the diameter, multiply by the 
height (all dimensions in inches), and multiply 
by ,34- 

To find the number of gallons in rectangular 
tank, multiply the length by the breadth, and 
the result by the depth; and this result by 7.4 
if these dimensions are in feet. If the dimen- 
sions are in inches, multiply by .004329, 

The find the lateral pressure of water upon 
the side of a tank, multiply the area of the sub- 
merged side (in sq. in.), by the pressure due to 
14 the depth. Suppose, for example, a tank to 
be 12 ft. long and 12 ft. deep, what is the pres- 
sure on the side wall? We have: 144x144^ 
20,736 sq. in. Since a cubic foot of water weighs 
62.5 lbs., then the weight pressing on 1 sq. in. 
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of the bottom of the cube will be 62.5'j-144=.43 
lb. And, since the water is 12 ft. deep, we have: 
12x ■43=5.16 lbs. pressure per sq. in. at bottom 
of tank. Pressure at top=^; therefore the 
average pressia-e on the side of the tank, or the 
pressure at mid-depth will be 5.16-7-2^2.6 lbs,, 
approximately. Therefore, 20,736x2,6=53,914 
lbs, pressure on side of tank. 

To find the number of galloiiB in a foot of 
pipe of any size, multiply the square of the 
diameter of the pipe (in inches) by .0408. ^ 

To find the diameter of pipe to diachargo a 
given amount of water per minute in cubic feet, 
multiply the square of ihe quantity in cubic feet 
per minute, by 96. This gives the pipe diameter 
in inches. 

To find the power necessary to raise water to 
any given height, multiply the number of cubic 
feet required per minute by the number of feet 
through which the water is to be raised. Then 
multiply this result by 6.23, and divide by 
33,000, which will give tiie nominal horse-power 
required. If the amount of water required per 
minute is in gallons, the multiplier should he 
8,3 instead of 6,23, 

Another method of finding the horse-power 
required to raise water to a given height, is to 
I multiply the poimds of water by the height to be 

I raised in feet, and divide by 33,000. Add to this 

I result about 25 per cent to offset friction and 

^^ other losses. 
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Water expands about 1/10 of its volume in 
freeang, and about V20 in boiling. 

To find the area «tf a required ^pe iriun the 
amount and vetod^ of the vater an gtven, 
mtdtiplj the number of cubic feet of water by 
144, and divide this amount by the velocity in 
feet per minute. 

To find the diameter oi a pump c^lhider to 
move a gtven quanti^ nf mter per ndnnte, 100 
feet of pieton travel being the standard^ divide 
the number of gallons by 4, and take the square 
root of the result. This wSl give the diameter 
in inches. 

To find the velocity In feet per mlniita necea- 
SBzy to discharge a given volume at water In a 
given time, multiply the number of cubic feet of 
water by 144, and divide the result by the area 
of pipe in inches. 

FLTTXBINa IN OFFICE BTTILDINaS 

The plumbing work in ofBce buildingB, while 
it may run up to a considerable sum of money, 
on the whole consists only of a number of snudl 
jobs bunched together in one large one. 

It often happens that the main sewer in the 
street is higher than where the main sewer 
from the building is required to leave the build- 
ing. This requires the use of some mechanical 
means to deliver the sewage from the building 
into the main or street sewer. 

Sewage Ejectors. Fig. 62 shows a type of 
sewage ejector or sewer lift, known as the 
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*'EUis,'* which is used very extensively. By 
means of this apparatus, all the sewage of a 
building can be diseharged in a simple, sanitaryp 
and economical manner, without coming in con- 
tact with the air of the building; and at the same 
tiine> the entry of sewage ox sewer gas from the 




Fig. Q2h BewBffe Ejector — GomirTGafled-AlT Typ& — Ellis Bystam. 

street sewers is an lmix)ssibllity. The motive 
power in this ejector may be either compressed 
air, steam, electricity, or water. It ia apphed in 
the following manner: In a chamber built of 
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brick or iron, either in the basement floor or 
outside the building, an air-tight iron vessel, 
<salled a ^'receiving tank/* is placed at such a 




FtV> 43- StMm uid Air Typa of B«Tflr Llft-^UU STttem. 

level that all the sewers and drains of the build- 
ing can have a good fall into it. From the 
receiving tank, a discharge pipe is laid to the 
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point of outfall, which is generally the street 
Bewer. The action of the ejector is as follows: 

The sewage flows fi-oin the drama, thi^ough 
the inlet-pipe, into the receiving tank> and 
gradually rises therein until it reaches the 
under side of the float. The air inside the float 
being at atmospheric preasui^e, causes the float 
to rise with the sewage, thus opening an operat- 
ing valvcj whereupon the compressed air, thus 
automatically admitted into the receiving tank 
on the surface of the sewage, drives the entire 
contents before it, through the opening at the 
bottom and through the outlet pipe^ into the 
iron sewage-discharge pipe. This is the only 
way sewage can escape from the receiver, as the 
instant the air-pressure is admitted upon the 
surface of the sewage, a eheck-valve in the inlet- 
pipe closes, and prevents the liquid from 
escaping in that direction. 

The sewage passes out of the receiver until 
its level falls to such a point that the tank is 
thoroughly empty, reversing the action of the 
operating valve which fii-st cut off the supply 
of sewage to the ejector. The valve in the out- 
let-pipe then falls on its seat, retaining the 
liquid in the sewage-discharge pipe; the sewage 
again flows through the inlet-pipe, and the tank 
begins to fill again, and this action continues 
as long as there is any sewage flowing into the 
tank. 

The system cau be cross-connected with air, 
steam, or water, and arranged with by-pase 
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valves operated by hand if desired- Fig, 63 
shows an ejector of the steam and air type. 

There are a number of good points about this 
type of sewage ejector, which can be summed 
up as follows: 

It works entirely automatically. 

The working parts are reduced to a mini- 
mum, and are of a kind that are not apt to get 
out of order. 

The receiving tank into which the sewage 
enters, contains no finished surface, such as ia 
unavoidable in pumps and is rapidly destroyed 
by the action of sewage, sludge, and grit. In the 
ejector, there ia nothing to prevent the free 
flow and it is made of a composition upon which 
the sewage can produce no detrimental effect- 
Neither stutfing-boxes nor sliding device come 
through the tank. 

The friction of a pump piston or other work- 
ing part is avoided. The pressure itself, acting 
directly upon the fluid witliout ttie intervention 
of any machinery, forms a practically friction- 
less and perfect piston, past which there can 
be no slip or leak whatever, 

The ouly finished paints are the inlet, dis- 
cbarge valve, and the automatic, which are 
accessible, and these only malce one move at 
each discharge of the ejector. The float, being 
filled with air, ^vill always retain its buoyancy. 
The sewage inlet and outlet valves are designed 
to give a passageway the full area of a pipe, 
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allowing a full outlet to all the solids that the 
Bewer can carry. 

The receiver fonns a complete severaiice of 
the house drains from the street sewers, thereby 
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creating an absolute bar to any back action from 
the sewer. 

The ejector can be operated by steam, com- 
pressed air, or water; and its use renders it 
possible to have a perfectly diy and sanitary 
basement at any depth, without regard to the 
depth of the street sewer. 

The receiving tank is so conatructed that it 
is thoroughly emptied at each discharge. It has 
no working parts whatever, and is arranged to 
discharge from 100 to 2,000 gallons per minute. 

Pig, 64 shows a type of ejector which ia 
operated by steam. 
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Tig. es. EleTfttlaD of flewage-EjectoT PUnt, Oiutotn Hoiue, 
New York City. 

Fig. 65 shows an automatic hydraulic air- 
compressor which is operated by the water pres- 
sure from the street. It requires no attention 
when once started, and can be placed in any 
position. It is psjiccially adapted to installa* 
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tions ^ere only a limited supply of compreiBed 
air IB required. 

Fig. 66 aho vB a BTstem for towna or citieB 
where proper gravitation eannot be obtained, 
and iB very effective, 

FigB. 67, 68, 69, and 70, show plans and ele- 
TationB of a duplicate plant for hftTuflmg the 
sewage in the new Ouatom Hbusep New Tork 
City, where there is being installed a diqdicate 
plant of 100-gallon automatic ejectors. These 
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ejectors will take the place of the centrifugal 
pumping plant formerly installed. Compressed 
air is the motive power; and under normal- 
condition tests, the ejectors discharged their 
contents in eight seconds, under a consumed 
pressure of 15 pounds. 

Ab is shown in Fig. 70, the float arrangement 
operates on a central pole, and the inlet and out- 
let flows are through cylinders equipped with 
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the neceseary flap and gate checks. The opera- 
tion of the valves and air-plunger is simplified 
by the action of a two-way cock attached to the 
trip valve. 

An important improvement incorporated in 
the latest types of ejectors is the plunger rod, 
which is packed at Its seat bearing in a way that 
precludes the possibility of escape and loss of 




Tig. 70- nUemn REOwIng Float ArruigaiiiflTit* Bermfa-zjoctor 
Ftant, Custom Hooee. New York City. 

air. The new float aiTangement insOTes a uni- 
form operation in the air-control, and also 
prepares for a complete discharge of the ejector 
contents. The two comprcsaora for this plant 
have a capacity of 52 cubic feet at 150 revolu- 
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tionfi per minute. The motors are 7% horse- 
power, at 50 pounds pressure- The vertical lift 
is 46 feet; and the distance from the ejectors to 
the street sewer is 105 feet. The plant is de* 
signed to take care of the drains from the south 
end of the building and all the flow that comes 
from the roo& and extensions. 

The size of the flow and discharge pipes for 
any instaUation will depend, of course, on the 
amount of sewage to be handled; and this can be 
readily determined. Allow one pound of air- 
pressure per foot of lift. 

Drainage Fittings, In the roughing-in of 
the pipe work in office buildings, we may have 
to use either cast-iron, or wrought-iron, or steel 
screw-jointed pipe. The specifications for the 
job will cover this point. The principles in- 
volved will be the same whatever material is 
used. 

The fittings used on the screw-joint system, 
and called recessed drainage fittings, and are 
made of cast iron, like cast-iron steam fittings; 
but the recessed feature enables a smooth joint 
to be made where the pipe-end stops when 
screwed up tight, and thus reduces the chances 
for stoppages at these points. 

Drainage fittings are made plain, coated with 
asphaltum, or galvanised. Drainage fittings 
should be used entirely on the drain, soil, and 
waste work ; but the ordinary cast-iron or 
malleable fittings (plain, asphalted, or galvan- 
ized) may be used on the vent piping. 
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Fig. 71 illustrates a full line of draiiiage 
fittings. 

It ie eustomarj% in many buildings of tliis 
d&SB, to bunch the fixtures on one or two floors, 
■where they will be the moBt c-onvenient for the 
greatest number of tenants; and the elevator 
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Fig. 71 (Contlnnad). Tjpes of I>rtliug« Fitting!, 

service renders this possible. This does away 
with a toilet-room on each floor, and allows of 
more sanitarj^ work being installed, as regards 
the fixtures, manner of installing, and the finish 
of the toilet-room itself. Frequently, toilet- 
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Flf< 71. (OoDdaded.] Types of Dralnai^ Flttlnga. 

rooms on each floor of buildinga of this class, do 
not get the spi'vice ne<!essary to keep them in a 
sanitary condition; but the one or two toilet- 
rooms, with a large number of fixtures, demand 
that they be kept in clean and orderly condition, 
and are nearly always found in that condition, 
Where it can be used, Fig, 72 illustratefl a 
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Fig, 72. One flyatom of Co&tUiQoaa TentDif. 

syetem of continuous venting that gives ex- 
cellent results; but the location of the toilet- 
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room and the fixtures will not permit of this 
style in every job. 

Both the soil- and vent-stacks extend up 
through the roof, and the arrangement of the 
pipe work almost entirely eliminates danger of 
Biphouage. The main vent-pipe Bhould connect 
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to the soil-stack below the lowest set of fixtures, 
which will permit any dirt or scale in the vent- 
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pipe to drop into the soU-^tack and be flushed 
through to the sewer. 
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Flf. 74. Elevation of Wute- mnd Tant-P^tiiic fot Uriultt and 
lATatortos In OlBca BnlUUng TolLstBooiii. 

Fig. 73 shows a floor-plan of a typical toilet- 
room for buildings of this class* 

The number and style of flxtures may be 
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Ttg, 75. WMe^ &nd Vont-Flping for Bfik^ Flztnn. 

varied to suit requirements. The floor of the 
toilet-room is raised about 2i/^ feet above the 
hall floor, and this permits of the roughing-in, 
without any great amount of cutting or notching 
of timbers, and gives ease of access in case of 
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necessary repairs or to clear stoppages. Clean- 
out plugs ai*e placed at convenient points to 
pciinit of easy access to the interior of the waste 
piping. The closet tanks go in the space be- 
tween the stall pai-titions, as shown in I^g, 77. 

Fig. 74 is an elevation of the waste- and 
vent-piping for the urinals and lavatories. This 
style of venting does away with the possibility 
of the vents becoming clogged up, as might 
happen — and very frequently does — when the 
vent-pipe is taken from the crown of the trap. 
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PJf. 76. Ordlnat; Uetbud of TanQug %. Numtwr of oioidts. 

Fig, 75 is an elevation of the waste- and 
vent-piping for a single fixture as shown in Pig. 
74, The good points of this style of work eaii be 
readily noted. 
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FE^, 7S sloTT? i siiie Tiew of the urinals. 
The sjsiem ot wsste- and rent-piping is shown 
in figs. 74 and 75. 

There mar be a single antomatie flush-tank 
for each urinal; or one flush-tank for the battery 
of urinals; or each urinal may be connected 
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Pig, 79, Sid* View of FoTce- 
Tig. 7a. aide VloT or aiphoa- Iftln unn&i. 

Jet DtIobI. 
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direct to the water supply, and be provided with 
a compreeeion or self-cloBing urinal cock. The 
automatic tank is preferable, as it insures the 
urinals being flushed at regular intervals, and 





Tig. 81, Watar-Oloiet with Vmt 

Connected to HeAt«d Fine. 



Flff. 80. Side Vl«w of Drlnklziff 

FonnUln, SbowiDg Manner 

of Sunning Wa^te and 

Wat«r SnpplleB- 

keeps them in a more sanitary condition. It 
takes water to keep things clean; so do not be 
afraid to use it; and this applies to the toilet- 
room and its contents. 
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Fig. 79 is a side yiew of a porcelain urinal, 
and shows the manner of running the waste- 
and vent-pipes. The vent-pipe in this case is 
carried to a warm flue; and this removes any 
odor from the fixtm-e^ besides tending to create 
a circulation of aii' through the toilet-room. 

Fig. 80 is a side view of a drinking fountain^ 
and shows the manner of running the waste and 
water supplies. This class of fixture does not 
permit of any great quantity of water entering 
the waste-pipe at any one time; so the danger 
from siphonage is slight, and the waste-pipe 
from the fountain can be branched dii-ectly into 
the waste-pipe as shown. The upper end of the 
waste-pipe should enter the main vent-pipe or 
be carried through the roof. 

In some eases the water supply for the 
fountains is carried into a box which is filled 
with ice, sufficient pipe being placed in the box 
to allow a quantity of water to cool, which is 
then mn to the fountains. 

The main water supply for this class of 
buildings may be taken directly from the street 
mains. In case the pressure is light, or the 
building is a high one, it will become necessary 
to provide some means of forcing the water to 
the fixtures, and this calls for the use of a pump, 
with a storage tEink above the highest fixtiu^es, 
or a compression or closed tank in the basement. 
The pump, in either case, can be so connected 
that it will shut off when a certain height or 
certain pressure of water is reached, and will 
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start automatically when the supply falls below 
thlfi point. This pump can be operated either 
by steam or by electricity. 

Hot water can be supplied to the fixtures by 
one of the methods already described. 

Fig, 81 shows a type of water-closet that is 




Fig. 82. Wlt«r-Oloaflt Siisp«t]ded ftom W&IL 

No cuttiog through floor necMaary. 

being used in many of the better grades of 
plumbing installations. The raised rear vent is 
connected to a heated flue, and this creates a 
rapid circiilation of air from the room, thor- 
oughly removing any odors. 

Fig, 82 shows a type of closet that is sus- 
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pended from the waU, This does away witii the 
necessity of cutting holes through tlie Hoors, and 
is especially adapted to buildings of steel or re- 
inforced-concrete construction. This makes a 
very Ef^at and sanitary fixture- 
Flush Valves, Fig- 83 shows a valve for 
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T\g. 83. Closet with Flaah'Vatre* Beaalrinff Ko Ti&k. 

flushing watei-closcte that docs away with the 
tank. These valves are used "^ery extensively 
where there are a large nmuber of fixtures, and 
where it is desired to give any one fixture a 
given amount of water during the flushing 
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process. The figure shows the maimer ol con- 
necting up the valve when there is a very heavy 
pfesaiii'G, say 80 pounds or more; it is as aimple 
as making a connection for a sink bibb. 

Fig, 84 shows a method of installation where 
the water-supply pressure is lights and the sup- 
ply-pipe is small. A small, closed tank, or a 
chamber made of pipe, is placed above the high- 
est fixture, at any convenient point; and this 
wiJl give ample pressure and volume of water to 
operate the valves successfully- The succeseful 
working of valves of this type depends entirely 
upon two factors — namely, sufficient pressure 
aud sufficient volmne of wateJ-, They may be 
regulated to discharge nearly any amount of 
water desired for thoroughly flushing a fixture, 
and are usually required to discharge from 6 to 
10 gallons in from 10 to 15 seconds^ time, after 
which they shut off the water until operated for 
the next fiuBhing, 

Fig. 85 shows a nmnber of fixtures supplied 
from a tank placed above the bight-st fixtures, 
either In the attic or on the roof. This tank can 
be supplied with water through a ball-cock 
which will allow water to enter the roof tank 
when any is used for flushing the fixtures- 
Three different styles of valves are shown on 
the cloBets. The size of piping will be varied aa 
fixtures are added or removed- 
Pig, 86 shows a number of fixtures supplied 
with flush-valves where the presexire is ample 
to reach above the highest fixtures, and the 
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stand-pipe will insure a sufficient volume of 
water to flusb all fixtures thoroughly. 

Fig. 87 shows a numtier of fixtures supplied 
with flush-valves where the water pressure is 
strong, but the service pipe from the street is 
small iu size. 

The stand-pipe will furnish a suiBcient 
volume of water to insure the thorough flushing 
of all the fixtures. 

Fig. 88 shows a measuring haain-cock that 
can be set to give a certain amount of water 
each time it is operated, closing off when this 
amount has passed through it. 

Fig. 89 shows a urinal valve that can be set 
to give a certain amount of water each time it 
is operated. 

FACTORY PLUMBING 

This is a branch of plumbing to which too 
little attention has heretofore been paid, and is 
a very profitable field if gone after properly, A 
trip through a number of factories will, in the 
majority of cases, reveal almost anything but 
sanitary conditions — with all due respect to the 
manufaeturerB. If the manufacturer would 
consider for a moment the fact that if he should 
proTide clean accommodations for his em- 
ployees, there would be a tendency on their part 
to greater neatness in work; there would also 
certainly be a saving in time over the present 
system, under which employees have in some 
eases to go a considerable distance to find toilet 
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Fig- 89. Measnrinff Urinal 
Valve. 
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accommodatioDs. The subject of toilet-rooms is 
well worth the (jouBideration of auy manufac- 
turer, ti'oni any point he cai'ea to look at it. 

Fig- 00 shows a floor-plan of a model toilet- 
room. The muuljer of fixtures may be increajsed 
or dcereased to suit the conditions, The build- 
ing may be constructed of either brick or wood. 
The figure shows a room 20 feet wide, 30 feet 
long, and 14 ftet in height, built of brick; with a 
cement floor; the side walla cemented 6 feet 
fi'om the floor; and all woodwork painted with a 
good grade of waterproof paint. This allows 
the attendant to wash the entii'e room tlior- 
oughly at night, with a section of hose, thus 
putting the room in a thoroughly clean condi- 
tion for the next day's use. The floor slopes to 
a deep floor-drain, which allows the water to 
escape rapidly, but which retains all dirt- By 
lifting the strainer, this dirt may be easily 
removed. 

The wash sinks are 10 feet in length, made 
of cast iron, enamek^d inside, and resting on 
iron standards. The waste has a standing plug 
which allows about 5 inches of water to stand in 
the sink if desired; or, by removing the plug, 
the water may run away at once. The hot and 
cold wattT is supplied through compression 
faucets, the number of which may be increased 
or decreased as desired- Individual wash- 
stands may be installed if desired, and this is a 
matter for the owner to decide. The closets are 
seat-operating; that is, the tank Ells when the 
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Fli- flJ- Trpe or OLoBot la Model ToUot-Eoom for rBcLory. 

closet is iu use, aiid flushes when the seat ia 
vacated. Fig. 91 is an illustration of the 
closets. 

Each doset has a cut-off valve in the supply- 
pipe to the tank, so that, in case of repairs to the 
flush-valve, the water need not be shut off the 
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balance of the fixtures. The closets are cast 
iron, enameled; and the tanks are of galvanized 
iron. The closet stalls, and also the urinal stalls, 
are made of cast iron; and the doors of the 
closet stalls are made of wood. The urinals are 
of the flat'back type, cast-iron, enameled^ and 
are flushed from an automatic flush-tank. Fig- 
92 shows a front elevation of the ui'inals. Each 
urinal is separately trapped. 

The hot water is supplied from a 120-gallon, 
galvanized range boiler, with a steam coil inside, 
as per Fig. 93; and the condensation is trapped 
to a blow-off tank in the yard, before going to 
the sewer- The object of the blow-off tank is to 




Fig. 92. Front Elevation of UrinalB in Modal Tollet-Boom for 

Factory- 
cool the condensation before allowing it to enter 
the sewer. Steam should never be connected 
directly to any sewer, as it soon causes the sewer 
pipe to deteriorate, and will start the joints to 
expand, where they are leaded joints, thus 
damaging the sewer. 
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The proper sized steam coil to use for this 
holler, with steam at different gauge pressures, 
can be determined from tables already given- 
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Fig. 93. Boll«r Tlth Internal 8uuu Coil for Hefttliif WiUr ttipyly 
for FActoiy Tollat. 

The main soil-pipe may be trapped or not, 
where it enters the building; and local rulings 
usually cover this point. Prom a careful study 
of the soil- and waste-pipes shown in Fig, 90, it 
will be seen that the siphoning of any of the fix- 
tures is not very apt to occur. Olean-out plugs 
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are placed at points which give free access to the 
entire drainage system without disturbing any 
floor, in case of a stoppage. This is a point 
whidi should be considered in all plumbing- 
installations. 

In Fig. 92 it will be noticed that the city 
water is connected to the end of the urinal 
waste-pipe. This allows for the thorough flush- 
ing of this pipe in case of a stoppage, 

A ventilator placed in the roof will carry 
away any odors from the room. 

The water piping is of galvanized iron, of the 
sizes shown. 

Provision must be made for heating and 
lighting the room during the winter season. 

PRIVATE OB PNEUMATIC WATER 
SYSTEMS 

Private or pneumatic water systems may be 
used in country and city homes, factories, large 
buildings, etc., where there is no city water 
system; where the city water-supply is inade- 
quate for Are protection in factories and other 
buildings, for water supply for small towns or 
villages; and in fact for almost any condition 
that may aiise, requiring a system of water 
supply. 

Fig. 94 illustrates a combination that will 
meet the requirements of the average small 
installation. The principal parts of this com- 
bination are a tank and a hand foree-pump- 
The tank is supplied with a water gauge to show 
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the height of water. The action of the outfit is 
as follows: 

After the connections are made as shown in 
the figure, the pump is operated to fill the tank, 
ITie water, enteriug the bottom of the tank, 
compresses the air in the upper portion, and 
giTes the neecBsary pressure to deliver the water 
to the points desired through the pipe marked 
*' supply to House." The gauge registers the 
pressure in the system. The amount of pump- 
ing to be done will depend, of course, on the 
quantity of water used, and for the average 
dwelling, a few minutes pumping every two or 
three days, will be sufficient to keep the system 
i-eady to respond to any demands made upon it 
for water. 

If desired, power may be used, derived from 
a windmill, gas, gasoline, or hot-air engine, or 
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FI|E- M. SmUI PUDm&fttlc WaUt Sjitoni, 
PruBDure devcIopeJ by liand force-pump. 

electric motor, either in conjunction with the 
hand force-pump or not, as preferred. The 
"Leader" combinations may be fitted up to fill 
practically any and all requirements. A check- 
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valve should always be placed in the discharge 
pipe from the pump to the tank, to retain the 
pressure in the tank when the pump is not in 
operation. 

Fig. 94 shows the tank placed in the base- 
ment of the building. 

. Fig, 95 shows a combination where the tank 
is buried in the yard, and the pump may be 
operated by hand, or attached to a windmill, as 
desired. 

This form of water system is the favorite 
for coxmtry homes and farms. The use of 
the tank as shown does away with the old 







Flff- >((. PTiT«t« PnBuni&tic Water Syatem vltai Tuk Unduffroimd 
■nd Pump HAod-Openkted or OonnecMd to Wiiulxnlll. 

method of placing the tank in the air on a plat- 
form, or in the attic of the house or upper 
portion of the bam, and gives a water pressure 
that would not ordinarily be obtained by the 
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latter methode; and it also eliminates the freez- 
ing feature that usually accompanies the latter, 

With a pneumatic system, you practically 
have the same benefits that you would enjoy 
with the city water system. 

Pig, 96 illustrates a water- works system 
which will till the requirements for a small town 
or village of from 600 to 1,200 population, fur- 
nishing a water-supply for fire protection, 
domestic use, etc. This illustrates 3 tanlce, 6 
feet in diameter, 24 feet long, witli a total 
capacity, in the three tanks, of 35.1B0 gallons; 
and the tanks may caiTy a working pressure of 
100 pounds to the square inch. He pump has 
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Fig. 96^ WBtarworks Sjitam for Smin Ttotm. 

a daily capacity of 120,000 gallons, when pump- 
ing from a well where the water is not over 150 
feet below the level of the pump- The pump is 
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operated by an 8-horse-power gasoline engine 
arranged to cut off automatically by the water- 
prcBBure. This feature reduces the cost of 
operating to a mimmum. This system can be 
increased or diminished to suit local conditions^ 
and furnishes a thoroughly up-to-date water- 
works system. The illustration shows the 
various parts of the system. 

Pig. 97 is a side view of the system shown 
in Fig. 96, and illustrates the manner in which 
the tanks may be buried in the ground, which 
will afford protection against freezing and will 
also lesson the cost of installation. The tanks 
may be placed above-ground if desired; and 




Tig, 97. ftLdv Vl€V Df WftMrwoiks S^Btttm for SnuU Town, tM 
Shown In Tig. 96. 

there is practically no limit to the combinations 
that can be made to suit local conditions or re- 
quirements- The following will give some 
useful information regarding the tanks; 
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Amount of Water in Tanks at Various 
Presfiurea 

At 5 Ibe. prosfiure Ibe tanlc is 1/4 full of water 
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The above table gives A list of tht comiuan mes; but 
tanka afo built tri other special fiize« if desired. 

It can be clearly seen, that the more water 
you force into the tank, the more the air in the 
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upper portion of the tank will be romjvesscd, 
and the greater will be the pressure in the water 
BjHteiD- This is a simple ex|Janation of how the 
prcsanre is created to force the water through 
the [»[ang to the desired points. 

MABIHE PLUlfKDra 

This is a class of work that the average 
plomber does not meet with very often; and a 
little infonnation may be of interest to those 
not acqtiainted with this class of work. The 
aceompanving illastratioDs show what is known 
as the **£Ilis'* svEtem of marine {dumbing as 
applied to a modem yacht. 




Plf, fle, Fore-ud'An Scctjgn of Ytcht vith BHIa Sntom of 

By the installation of this new system, it is 
possible to give the owner in his floating home 
all the conveniences which he may enjoy ashore, 
using exactly the same style of fixtures on 
board the vessel, even though they may be set 
several feet below the water-line, the same being 
thoroughly ventilated and complying in every 
respect with the sanitarj' laws demanded for 
buildings. Another great advantage is that the 
vessel is only pierced at one point for the dis- 
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charge of all fixtures. The discharge pipe is 
fitted with sea and check vales, thus providing 
a positive safeguard against back-pressure — a 
matter to be carefully considered by marine 
underwriters, as well as by the owner. 

Figs- 98 and 99 illustrate a steam yacht fitted 
with this system, in which the roughing-in be- 
low the deck is seea. Owing to the fact that a 
fresh-water tank has been designed to take up 
the entire width of the vcascl from the engine- 
room to a given point, which will interfere with 
the regular style of tank for waste, it is 
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TiB- **■ PlM* Of AfWr Portion of St^am Yacht with ElllH Sytiem 
of Marine Plumbing, 

necessary tu build a special (h'ainage tank fitted 
to suit the space as shown, T}ic drains and 
wastes from the owner's bathroom have to pass 
through the water storage tank by means of a 
sleeve with reinforced flanges at each end. The 
suction from the drainage tank also passes 
through in the same manner, to the automatic 
ejector placed in the engine room. 
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The water-cloeeta used are of the aiphon 
Jet type, flushed with salt water from a amall 
gravity tank placed on the upper deck. 

The bathrooms have tile floors and wainscot- 
ing, and are provided with bath, basin, and 
closet The baths are roll-rim, enameled, sup- 
plied with hot and cold fresh water and salt 
water, through improved faucets, 

The basins are solid porcelain, supplied with 
hot and cold fresh water, with nicket-plated, 
exposed or **open-work" non-siphoning trap 
and waste. The drains and wastes are galvan- 
ized pipes, with recessed fittings and with lead 




Tig. 100. CTo>^s«ctlOD of Tftctit With Ellis anten of Uft- 
rlA« Plunbln^. 

bends to fixtures. The large supply lines are 
galvanized; and the small lines are brass, except 
where exposed, in which case they are nickel- 
plated. 

Fig. 100 is a cross-section of the yacht to a 
point where the drainage tank is located, 
showing lines running from the engine room to 
the different fixtures. 

The automatic ejector. Figs, 101 and 102, is 
placed in the engine-room, arranged to start at 
any desired point. It is operated by either com- 
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Fig. lot. P&n Dntall of Automatic Ejector for Uii.r1i]«i 
iDAaUatloiu 
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pressed air or direct steam, and thoroughly 
empties the contents of the drainage tank at 
each discharge. The vents are connected 
together, and continued to a convenient point in 
the smokestack. 

The dimensions of this yacht are 120 feet iu 
length, 20 feet beam, and 180 tons displacement- 

The above describes the average plumbing 
iustallatiou for marine plumbing; and a little 
study of the sketches will make the matter 
clear. 

FBIVATE SEWEBAOE SYSTEMS 

It frequently happens that the plumber is 
caUed upon to install fixtures in locaUties where 
sewer systems, and the disposition of the waste 
matter from water-closets, become quite a 
problem. 

Fig, 103 illustrates the use of the old-fash- 
ioned cesspool. For an ordinary residence, this 
may be about 10 feet deep, and 10 feet in 
diameter, and constructed of brick or stone laid 
up with without the use of cement or mortar, 
thus allowing the liquids to soak away through 
the ground, and the solid matter to remain at 
the bottom. If the cesspool has a closed top, 
this solid matter will be gradually reduced to a 
liquid state, by the action of a special kind of 
bacteria, or minute organisms, which live and 
thrive in dark, damp places. Care should be 
exercised in locating the cesspool, to avoid the 
contamination of smrounding sources of water 
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supply, such as wells, ttc, aud also to avoid the 
water getting iuto the baijenicot of the building. 
It is good practice to locate the pool at least 50 
feet away from the bmlding, 

A study of the sketch, Pig. 103, will make the 
mauiier of construction of a cesspool quite clear. 
If the ground is poroas or absorbent, the size 
may be reduced to some extent; but when the 
pool is located in hai'd clay or other nou- 
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absorbent earth, the above dimensions may have 
to be ixicreased, depemling^ of coui-se^ upon the 
quantity of matter emptied into it — this can be 
easily determined. 

Fig. 104 shows another type of cesspool, in 
which the sides and bottom ai'e cemented to a 
point above the discharge pipe, thus retaining 
the solid matter until it ia reduced to a liquid 
state. The greast;, remaining at the top of the 
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pool, will not pass into the cobblestones placed 
around the outside of the pool to allow the water 
to pass from the outlet pipe quickly. The outlet 
pipe extends down below the line of the grease, 
thus passing clear liquid into the box drain 
placed above the cobblestones. 

Cessi)Ools are usually built circular in shape, 
The manhole cover on top will permit of access 




Fig. 104. Another Type of CeBSpool 

for cleaning when necessary — which is not 
often, as a rule, in porous soil, since numerous 
instances might be cited, of cesspools that have 
been in daily use for over twenty-five years 
without cleaning. 

It is to be distinctly borne in mind, and 
strongly emphasized, that it is far preferable to 
dispose of sewage matter through a regidar 
sewerage system than by any cesspool however 
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well constructed. As before said^ however, 
there are times when the plumber is called upon 
to install plumbing fixturca where there is no 
regular sewer system, and be is then compelled 
to look for somti other method of disposing of 
the sewage, and this calls the cesspool into the 
limelight. 

Fig. 105 illustrates a double cesspool, where 
the outlet water is discharged into a stream, or 
over the surface of the ground, in gardens or 
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Fig. 106. Doable Oo^raol. 

fields. This double arrangement insures the 
waste or outlet water being many times purer 
than it would be if it were passed through only 
one eesspooL Both the cesspools ai'e cemented 
to a point above the water-line, retaining the 
water in themselves imtxl discharged through 
the outlet pipe, and thus not satui^atiug the siu*- 
rounding earth. 

There is nothing mysterious in the action of 
the cesspool, in the process by which the solid 
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matters are reduced to a liquid state by 
bacterial action, as other examples of this action 
may be seen daily, and perhaps never noticed- 
For instance, a quantity of waste water, con- 
taining some sohd refuse, may be thrown upon 
the ground. The water will soak into the 
ground, or, iq case it is thrown upon an im- 
pervious or non-absorbent surface, will stand 






— ^ ^ ^ 




Flf. 106. ninstratlng the Inlffatinff or FArmliiff Procesi of 
Blspoial of Bawage from OosapooL 

there until gradually taken up by evaporation- 
The bacteria immediately begin work upon the 
solid matter, but uot so rapidly as would occur 
if the refuse were in a dark -moist place; and in 
time, the refuse is gone. This action is multi- 
plied very rapidly in tanks or chambers built 
especially for this purpose, and many cities dis- 
pose of their entire sewage in this manner. 
Fig. 106 shows a system of disposing of the 
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waste water from the cesspool, known as the 
irrigating or farming process. For an ordinary 
residence, the cesspool need not be so large as 
indicated in Fig. 104, as the waste water has 
more surface to discharge into- The outlet pipe 
is continued to a point in the garden or field, 
market A, where it ia connected to the Bystem 
of piping shown in Fig, 107, which is a plan 




Fig. 107. Fip« SrfUm for Dlstribntitis Sswags in Irrlgfttlnff or 

view. This piping may be constructed of sewer 
pipe or field tile, with the joints open or un- 
cemented, which will allow the waste water to 
escape rapidly into the surrounding earth. The 
lateral arms may be extended to as great a 
distance as may be desired to suit the require- 
ments. This type of cesspool is perhaps the best 
of those described in this treatise, and may be 
used with some degree of satisfaction. There 
are a large nimiber of this type in daily use and 
giving good results ; but, as already insisted 
upon, if it is possible to discharge the sewage 
into a main sewer, do it. 
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A City Sevage- Disposal Plant 



We shall now consider the construction and 
operation of a sewage-disposal plant for munic- 
ipal drainage* This m^inucr of disposing of the 
waste matter is giving universal satisfaction. 
The plant here described will take the entire 
waste of the town or city for which it is in- 
stalled, breaking it up in the darkness of the 
septic tank, digesting it in the contact-beds, and 
poiu'iiig the eflluent into a stream or other point, 
no longer the disgusting tilth which entered the 
syatem^ but water, clear as crystal and harmless 
as if distilled. Some of the contractors who in- 
stall these systems even go so far as to drink the 
effluent, to show the thorough working of the 
plant. 

The sewers will all empty into the main 
septic tank^ which is shown in Fig. 108- The 
construction of this tank is such that the sewage 
moves through it with a scarcely perceptible 
currentj the design being to keep the sewage 
in the tank about 24 hours in order to give the 
bacteria upon whose work the efficiency of the 
system depends a chance to break up and change 
to liquid form the solid mattei's contained in 
the sewage. 

We are so accustomed to hear of bacteria as 
the enemy of mankind, that most of us forget^ 
if indeed we ever Imew — that there are many 
species of bacteria which are the friends of man* 
Acting as scavengers which live upon decom* 
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posing matter, thej save man from the conse- 
quences of hia reckless indifference to his own 
health and the health of others; and, when given 
the right kind of workshop, thej very quickly 
dispose of all that is harmful and likely to breed 
disease germs. 

While there are very many different kinds of 
bacteria, they are commonly divided into two 
classes, in accordance with the conditions under 
which they live and breed. These are the 
anaerobic bacteria, which flourish in the dArk, 
shut away from all air and light; and the 
aarofaic bacteria, which must have plenty of both 
li^t and air if they are to increase and 
multiply. 

The Septic Tank. The workshop for the 
anaerobic bacteria is the closed tank above 
described- It is made as nearly air-tight as 
possible, only a small vent-pipe being provided 
for the escape of gas which is given off by the 
decomposition of sewage. The walls are built 
of concrete, and a concrete arch covers the tank 
completely. 

The inlets to the tank are by way of a grit 
chamber, designed to catch road washings and 
other heavy substances which would clog the 
tank. The grit chamber has a cleansing valve 
to facilitate its being emptied whenever this 
becomes necessary. The two inlets dip well 
below the surface of the contents of the tank, in 
order that the force of the inflowing sewage may 
not break the blanket of thick scum which shuts 
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The Contact-Beds. The eontaet-beda shown 
in Figs- 109 and 110, are the workshops of the 
aerobic bacteria, which take up the work where 
thoir busy neighbors left off, and carry it on to 
completioa Fig. Ill is a section through the 
effluent and cleansing chambers- 

In order to supply the aerobic bacteria with 
the air and light necosBary to their exiatcnce, 
these beds are filled with clinker, which pro- 
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vides for the admission of tlie lai'geat possible 
supply of air; and the operation of tie beds is 
so arranged that each is given a rest of several 
hours before the period of work, thus insuring 
the aeration which keeps the beds from becom- 
ing clogged up with sewage through overwork- 
ing the aerobic bacteria. 

In the plant hert^ illustrated, the contact-beds 
work in the cycle 1-3-2-4. Thus, while No, 4 is 
filling. No, 1 is empty, No, 3 discharging, and 
No. 2 fuU. Beds 5-6-7-8 are at a lower level 
than beds 1-2-3-4, and take the dis(;harge from 
the bods above them, thus continuing the work 
of })uritication. 
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The apparatus for altematitig the flow of 
sewage is automatic in its action, requiring only 
the attention of a man to oil it when necessary. 
A careful study of this text and the accompany- 
ing sketches will make the entire subject of the 
disposal of city sewage by means of a septic 
tank and contact-beds perfectly clear to the 
reader. 

Why a Pomp Works 

The common lift-pump, shown in Fig, 112, 
has long been known, and has been used exten- 
sively since its construction. Its general ap- 
pearance and method of operation are no doubt 
familiar to all readers of this treatise. But why 
does it work? 

The hollow cylinder contains a valve at the 
bottom, which opens inward like a trap door. 
Into this cylinder a piston is fitted closely; and 
this piston is supplied with a valve, opening in 
the same direction as the one in the bottom of 
the cylinder. The pipe extending from the bot- 
tom of the cylinder down to and into the water 
below, is called the suction pipe. When the 
piston is lifted by means of the piston-rod, which 
is attached to the handle, the upper valve, 
known as the outlet valve, remains closed, being 
weighted down by the pressure of the atmos- 
phere, which is usually figured as being equal 
to 15 pounds to the square inch. Lifting the 
piston creates a partial vacuxun in the cylinder 
which causes the inlet valve to open and the 
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same pressure of the atmosphere causes aii- from 
the auction pipe to enter ^e cylinder. By ra- 
Tersing the handle, and pushing the piaton down 
into the cylinder, the air, being compressed, 
closes the lower or inlet valve, and forces the 
upper valve open, which allows the air within 
the cylinder to escape through the hole in the 




Fig. 112. Commoa Lift Fompi 

piston. At the end of the stroke, the air which 
was contained in the cylinder has been pushed 
out through the piston and above it, and this air 
is lifted out of the pmnp by the next upward 
stroke. A few strokes wiM remove the remain- 
ing air from the suction pipe; and the pressure 
of the atmosphere upon the surface of the water 
below the pump causes the latter to follow the 
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CE^ <rf ponirTt^ac :iw air wctained in the cylin- 
^s az&i aIJ:-Tt^ t^ rf^^st^if^ of the atznoei^iere 
to 7«fiftw n Ti^ ^<f Btttenal vhicfa is being 



HTftrmsbe runs f con a rcoiT^ait and inex- 
poEZTT iDeibc«i of d^iiT^rii^ water from a 
lower to a ki^MT poanL and, after the first cost 
of installatiiHL requite rery little expenditure 
for repairs,, and require Terr little attention, as 
tiiey work aotomati^ally. 

A sei^tioD of a so-called dooUe-acting or 
donble^^upply type of hydraulic ranu is shown 
in Fig, 113, Considering it first without regard 
to the double-acting feature* suppose the open- 
ing at H to be closed. The valve at B being open, 
the water from the source of supply at more or 
less elevation above the machine flow^ down the 
drive-pipe A, and escapes through the opening 
at B, until the pressure due to the increasing 
velocity of the water is sufficient to close the 
valve B. At the moment when the flow through 
this valve ceases, the inertia of the moving col- 
umn of water produces the so-called ramming 
stroke, which opens the valve at C, and com- 



PLUMBINa 



299 



presses the air in the air-chamber D until the 
pressure ot the air, plus the pressure due to the 
head of the water in the main, is sufficient to 
overcome the inertia of the moving cohimn of 
water in the drive-pipe. Tliis motion may be 
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Tig. ti3. oran-SMtloi] or Donbt«-A«tlDg Hydrttullc Kim. 
CflpKrltf^ I,4UU gallcni p^T minutt-; vreiglit, 6,IX)U pouctlH. 

likened to the oscillatious in a U-tube. At this 
instant the eolmnu of water in the dnvo- 
pipc baa cvmo to a rest; and the air-pres- 
sure being greater tlian the static bead alone, 



aw PUTKBCK 

» rifT^^efL and ihe Tatve C diooed. T&e 

wim di* dosag of tae TaL-re Cy & tartSs^y- to a 
vacman. is prryfaeeii sl tiut hnnr ^ ga» ^rfn^ 
pipe; cfais n^aatr^e ^x^^eot^ ^^^uBes t^ Talr^ B 

tlAGS, AE die gbjini^TTt f}( SxHCaiCET^ prTHgorfy tJl^ 

KrtLfr scxftic^ T^Tg K aa^grra a ssaQ qusmitT 
«f azr; and ai ihie £a&>win^ <cr*>^. this p^ss^ 
into tbfr air-^&amb^. viuefa. vv>aki ochaw^ 
£1! with wat^ endaally. th^^ air bsnr sloviv 
takoi op hy watfr. In manr mafiEiiics. tbe 
np^'jfc^ IS made of w^^^y the w^cte-Talre B 
soffif^ieiitiv h<^^ to OTeir««iie the static head of 
water in the drire-pipe. In fart, most vriteirs 
on this fiubjert ftate that the wei^i of the w^^te- 
Talre B m^^st be ereater than the pressare of 
the static h^ad of war^^r on ::s ^mdrr side- &> 
that it mav open wh^-n thr •^.-loEin of water 
rfrJD^^ to n^st- 

In the macfaiB'^ abov^ des*^ribed and illus- 
trated in the acei^mpacviE^ tizures, this would 
be practically impossibl'^. on aciHyini of the large 
ar*ra of the opening at B. 

In this macbin*^' — known as the "Rife" hy- 
draulic ram — the valve B is made as light as is 
consistent with the necessary strengtK the nega- 
tive pre<<aure at the end of the stroke is relied 
Tiyton to open th^ valve- With the largest sizes 
of thf-se machines, this valve is 18 inches in 
diameter, and, with a head of 8 feet, which is a 
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common head for use with hydraulic mms, tho 
static pressure on the untlc-r side of this valve is 
883 pounds; it cau very caaily be seen that tlie 
great Bhock of a valve of this weight would rap- 
idly destroy the valve and its seat, 

The waste mechanism consists of a large port 




Tig. 114. SectlOD of HydrsTtllc Ram. Sbovlng Valv* Mecbanism m 
AlT-Ohunbar. 

with a flat, ample opening; and a large rubber 
valve with a balance counterweight and sjjring 
seating, removing almost entirely the jar at 
closing. The valve C in the air-chamber con- 
sists of a rubber disc with gridiron ports and 
convex scats^ fastened at the center and lifting 
at the ei renin fere ncc^ as shown in Pig_ 114, The 
effort is to transfer the shock from the power of 
the driving water through the air-cushioc, with 
the smallest amount of friction and jai". 

After the closing of the valve 0, the ju'essure 
of the air in the air-chamber forces the water in 
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the air-chamber out into the delivery pipes- It 
is claimed that water can be elevated as high as 
thirty feet for every foot of fall in the driving 
head. 

To the reader who has carefully followed the 
above description, it will be clear that the most 
important detail in which the type of hydraulic 
ram here described differs from the ordinary hy- 
draulic ram, is the waste valve. The coimter- 
weight on the projecting arm of this valve per- 
mits the adjustment of the valve to suit vary- 
ing heads and lengths of drive-pipe. By adjust- 
ing the counterweight so that the valve is nearly 
balanced, the valve comes to its seat very quickly 
after the flow past it begins. The result is that 
the ram makes a great number of short, quick 
strokes which are much easier on the mechanism 
than slower and heavier strokes. Of course the 
stroke must be sufficiently powerful to act effi- 
ciently in overcoming the head in the delivery 
pipe. The adjustable weight permits this to be 
effected with the greatest nicety. 

The question of efficiency of hydraulic rams 
has been much discussed, and such authorities 
as Rankine and D'Aubisson differ considerably 
in their calculations. The tables in this article 
are based on Rankine *s formula in calculating 
efficiency, which is: 

qh 

^^ (Q-q) H ' 

in which Q is the quantity of water flowing per 
second in the drive-pipe; q, the quantity flowing 
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per second to the standi^ipe through the dis- 
chai'ge pipe; H, the height from the escape valve 
to the levt-l of the reservoir which feeds the 
drive-pipe; and h, the difference in the level of 
the water-supply reservoir and the water in the 
at and pipe. 

D'Aubissou states the formula for efficiency 
as: 

q (H+h) 



E=- 



QH 




D*Aubiseon's formula is the correct one, con- 
sidering the mechanism as a machine receiving 
energy at one end and delivering it at the other; 
while if the machine is considered as elevating 
water only from one reservoir to the other, Ran- 
kine'a formula is the correct one to use. 

The double-acting rams may be used to ele- 
vate pure water to a tank, using impure water 
for the dri^-ing water. 

Directions for Making Surveys for Hydraulic 
Bams. In order to determine the proper-sized 
ram to be used for any installation, it is neces- 
sary to make a careful survey to obtain the fol- 
lowing information: 

Plow of water per minute in galloua. 

Vertical fall in feet, 

Distauce in wliicb fall is obtained' 

Vertical height above ram water is to be cle- 

Distaucc water iB to be raiBecl. 

How tnatiy gallona required per day. 

If a double-aeting ram ia required, flow in gii> 
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ioQB, of the apring water per minute ; and the fall, in feet, 
from the spring to the ram, 

(1) Determine this by the time necessary 
to fill a vessel of known capacity from the aource 
of supply. 

(2) Find the difference between the level 
of the surface of the water in the source of suj^- 
ply and the lowest point within a reasonable 
distance, 

(3) State this difference. 

(4) Find the difference between the level 
of the proposed location of the ram and the 
highest point to which the water is to be 
delivered- 

(5) Find the length of pipe necessary to 
conduct the water from the ram to point of 

. delivery. 

Length of Drive-Pipe. To insure sufficient 
air being fed automatically at each atrokct it is 
imperative that the drive-pipe should be of the 
proper length, which is determined by the fall 
to the ram, and the height to which water is 
delivered. In order to obtain the desired fall, 
it is frequently necessary to convey the water a 
greater distance than the length of the drive- 
pipe used. 

Fig, 115 illustrates a method of securing the 
necessary head or fall, 

(a) Locate the ram the proper distance 
from the spring or water supply, and connect as 
shown at A. 

(b) Conduct the water to an intermediate 
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reservoir (barrel, box, or standpipe) located the 
proper distance from the ram, coimected aa 
shown at B. 

(c) Sink the ram in a pit to neccasory depth 
and lay a drain pipe from pit to a lower pointy 
as shown at C, 

Double Acting Rams— Directions for Set- 
ting. The ram should be on a level, firm foun- 
dation. It need not be fastened down. The 
drive-pipe must be set on a perfectly straight 
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Fis* llG- Method cf SccuilnB Hvad for Hjdraollc Bun- 

incliue, without bends or curves, except where 
the pipe enters the ram, and this should be done 
by bonding the pipe. The upper end of the 
di'ive-pipe should be sufficiently below the sur- 
face of tlie water, so that it cannot suck air — 
say one foot or more- All drive-pipes should 
have a good open strainer on upper end> Be sure 
that the drive-pipe is airtight. Use a quick- 

t opening gate valve laid on side- 
Tbc delivery pipe can be laid with the neces- 
aary bends, according to the usual practice in 
water pipes. Connect all pipes before starting 
the ram, and leave them uncovered until it is 
shown that there are no leaks. Use gate valres 
on delivery pipe- 
Start the rain by forcing the escape valve 
I 
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open by hand; allow it to close, and repeat the 
operation until enough water has been forced 
into the delivery pipe to create a baek-pres3UJ"e, 
and cause tlie ram to work automatically. 

At the start, put the slide weight over the 
center of the balance rod, and fasten securely. 
By raising and lowering the leather-covered rest 
under the balance valve lever, by means oE the 
two nuts thereon, the opening of the valve can 
be lessened or increased, which will lessen or in- 
crease the amomit of water used and delivered 
by the ram. The greater number of strokes, 
the less water is used and pumped. The fewer 
strokes, the more water used and pumped, 

ITiider each condition^ the ram runs best at 
a certain opening of this valve, and this can be 
determined only by experiment 

By changing the nuts on the lever rest, the 
position will he found where the ram runs with 
an easy, even stroke ; then it ia in proper working 
order, 

The au'-feed should be open at aU times suf- 
ficiently to allow a small spray of water to escape 
at each stroke, thus insuring a constant supply 
of ail", which prevents water-logging. The open- 
ing in the brass air-valve must *Mook down/' 

The length of drive-pipe is moat important, 
and ia governed by the ratio of the fall to the 
elevation. If too long or too short, the auto- 
matic supply of air is interfered with, and the 
efficiency impaired- 

By using batteries of rams, imlimited amount 
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t Duptox or double actlnff. 

can be delivered. This is often done for fire pro- 
tection purposes, and for supplying the water 
for Bmall towns or villages, or large institutions. 

The efficiency developed ia govemed by the 
ratio of fall to pumping head, and varies from 
sixty to ninety per cent. 

In the hydraulic ram iustallation at the U, S, 
Naval Coaling Station at Bradford^ It, h (see 
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Example— With a supply of 1,400 gallooB per minute, 
10 feet fall, 50 feet elevation, a No. 120 Ram will deliver 
302,400 galloM per day, 1,400x216=302,400. Multiply 
factor opposite **Power Head*' and under '*Pumping 
Head'* by the number of gallons per minute used by the 
ram {see Table XVIII), and the result will be the num- 
ber of gallons delivered per day. 

Kg. 116), the efficiency guaranteed in the con- 
tract was seventy per cent, but the tests showed 
mean results in excess of this, as follows: 

No. 1 No. 2 
Total water delivered to ram (gal. per 

min.) .^ 582 578 

Water delivered to standpipe (gal. per 

minj 232 228 

Power head in rams (feet) 36,75 37.25 

Pumping head (in feet) 84.0 84.0 

Strokes per minute 130 130 

Efficiency {per cent, D'Aubisson formula) . 91.23 89.06 
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These roitis couM bave used 750 gallom per minut^^ 
eftcb; &$S galloDS vas uU tbat was available when tests 
w^re made. 
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Fiff, 117. Donbla- Acting B^flraullc Bam wbeiA Trapim Wa.tflr U 
UMd to Famp Ptirft Water. 

Fig. 117 illustrates the working of a double- 
actiEg ram, where impure water is Lised to puiDp 
pure water. 
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Fig. lis. Odo M«tliod of Installing a Hyilraullc Ham. 

PigB- 118 and 119 illustrate methods of 
inBtalling rams. A careful study of this article 



U'jt^/tC^a 




^^Ari%rfH* 



rig. lift. AnotbeT Mvtbad of InvtaUing a HitIt«q11c fiam. 

will enable anyone to install these useful ma- 
ohines, and will open up a profitable firld for the 
plumber in country work. 
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3ure doing the entire work of opening and clos- 
ing the supply of steam to the steam coils inside 
the tank. 

Automatic Instantaneous Water Heater 

Pig- 121 illustrates a type of water heater 
which 18 designed to supply automatically a large 
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ng. lain -'Weld" Abtomntlc WAtarR«»tor. 

or small amount of hot water at any given tem- 
perature, for instant use. The water is heated 
as fast as it is drawn for use. The mixers in this 
appai'atus are fui-nished iu unita^ which allow 
large or small deliveries of hot water. This de- 
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vice makes it possible to dispense with storage 
tanks where exhaust steam is not available. 
These heaters are especially adapted for use in 
hotels, hospitals, manufacturing plants, laun- 
dries, and in connection with swimming pools 
and shower baths. 

The Air-Lift 

The air-lift is a simple arrangement of piping 
whereby water may be raised by means of com- 
pressed air. It depends for its action upon the 
difference in specific gravity between com- 
pressed air and water, and to some extent upon 
the expansive force of the compressed air. No 
valves are employed in the air-lift, except to 
regulate the admission of the air to the water 
pipes, and consequently there are no parts to 
become deranged and thxis impair the operation 
of the pump. 

The air-lift is employed for raising water and 
other liquids from comparatively small as well 
as great depths, it being found particularly 
economical in raising water from deep mines 
and bored or drilled weUs. It is applicable to 
any place where water is to be raised, and has 
proven highly economical where compressed air 
has been used for other purposes previously to 
installing the air-lift, owing principally to the 
first cost of the apparatus. 

The air-lift consists of two pipes — ^the water 
pipe and the air pipe, the latter being the smaller 
of the two. The water pipe contains a tapped 
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hole near the lower end, into which the air pipe 
15 screwed, the latter, in some cases, being ex- 
tended to about the middle of the water pipe, 
where it is bent at right angles so as to direct 
the ail" jet upwards. In other cases, the end of 
the air pipe projects slightlj beyond the wall of 
the water pipe* 



^/^ 
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DUfflreat AiraDgemontB of Aii and WaUv FLp«a is 
Alr-iaft. 



There are severa] arrangements of air and 
water pipes, foiir of which ar** shown in Fig. 122. 
Air being forced into the water pipe, a huge 
bubble is formed about the orifice of the air pipe, 
as shown at a in P^ig. 123, which Mis the pipe 
and forms what may be called a piston of air. 
The pressure of the air when es(?aping from the 
air pipe ia sufficient slightly to overcome the 
weight of the column of water in the water pipe, 
and a quantity of water equal to the voliune of 
air admitted flows out at the top. The bubble of 
air immediately begins to rise through the water; 
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and, aa it rises, it continuGG to expand, owing to 
the constantly decreasing weight of the column 
of water above it The expansion of the air, and 
the consequent increase in volume, displace a 
corresponding volume of water at the top, until 




Fig. 123, ninBtratlng Action ol 
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FU, 121. OomplBto Air-Uft 
iDAtAlIatioiu 



the air reaches the outlet, where it escapes, car- 
rying a quantity of water in the form of spray. 
The next bubble reaches the top in the same 
manner, and raises a similar quantity of water. 




These air-bubbles form in rapid succession, thus 
dividing the column of water into alternate lay- 
ers of air and water, each bubble or piston 
having a la3'er of water above it, as shown at b 
m mg. 123 and also Fig. 124. 

Fig, 124 shows the complete apparatus. It 
will be seen that after the column of water has 
once become divided into alternate layers of air 
and water, the air admitted at the bottom does 
not have a solid column of water to sustain or 
balance, consequently the prcssiu-o of the air 
may be reduced after the pump begins to work 
properly; and the volume of aii' thus reduced 
accordingly, lessens the work of the air- 
compreesor. 

The pressure of air required to ojierate the 
pump after it is once started, is considerably 
less than the pressure of the water due to the 
bead; while the air-preesure required to start 
the pump is slightly greater than the water pres- 
sure corresi^onding to the head^ and is generally 
equal to the water pressure per square inch, plus 
5 lbs. 

The successful operation of the air-lift de- 
pends principally upon two things — the ratio of 
depth of submersion to total lift, and the ratio 
of the area of the air-pipe to the area of the 
water pipe» The best efficiency, all things eon- 
sidered, is generally obtained when the ratio of 
depth of submersion to total lift is 0.65; and 
when the ratio of the area of the air pipe to that 
of the water pipe is about 0A6; in other words, 
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the submerged portion of the water pipe should 
represent siity-five per cent of the total length, 
and the area of the air pipe should be sixteen 
per cent of the area of tiie water pipe. These 
ratios are not adhered to in all cases, and ap- 
parently without affecting the efficiency of the 
apparatus, which is probably due to difEerences 
in friction and air-pressure, temperature of 
water, and condition of water as regards purity. 

When the depth of submersion is increased 
beyond about eighty-five per cent, the pressure 
must be raised; and the consmnption of air, and 
consequently the volume of free air required per 
cubic foot of water raised, are iucreased. Wlien 
the depth of submersion is considerably de- 
creased — that is, below sixty-five per cent — the 
air-bubbles or pistons of air form irregularly 
and are of varying size, many working up 
through the water without causing a proper dis- 
charge of water, so that the volimie of air re- 
quired per cubic foot of water discharged is 
increased. The more economical range, there- 
fore, when considering depths of submersion, 
lies between fifty-five and eighty per cent, and 
in the majority of cases it is not necessary to 
exceed these values. The depth of submersion 
referred to is the average depth measured from 
the water level before pmnping, and when the 
water has lowered as far as it will go. 

The ratio of the area of air to water pipe pre- 
viously given (0-16), should be adhered to, re- 
gardless of the arrangement of the water and air 



PLUMBING 



Sir 



pipes, as shown in Fig- 122. The air pipe should 
be so projiortioned that the velocity of the air 
will iiot exceed 4,000 feet per Diioute. When 
the air pipe is placed inside the water pipe, the 
area of the air pipe may first be determined, then 
the required size of the water pipe may be found 
by means of the formula, 

Diameter {in iDchefl)=Cuberopt of ^ ■ , 

in which p and P equal the actual areaa in square 
inches of tlie air and water pipes rejspectively. 

The various levels may readily be indicated 
and meaeurcd, by means of a float and a stout 
cord. If the cord be run over a pulley 3^Vi« 
inehea in diameter, and the float be lowered 
from the level of the ground, the depth to the 
water level in feet will be Indicated hy the num- 
ber of revolutions made by the wheel while the 
float is descending- By counting the revolutions 
as the water level is lowered by the pump, the 
difference in levels may be similarly obtained. 
When the depth of sijbuiersion at starting is 
considerably lower than that previously referred 
to — eighty-five per cent of the total height of 
the pump— the air pipe should enter the water 
pipe from 30 to 35 inches from the bottom of 
the water pipe, to facilitate starting. 

The volume of air required to raise 1 cubic 
foot of water liy means of tlie air-lift, varies 
from 3.9 cubic feet as the minimimn, to 4.5 cubic 
feet as the maximum, giving a mean of 4»2 cubic 
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feet of air per cubic foot of water. This is, 
however, a general statement^ and applies only 
to air-lifts properly proportioned and working 
under favorable conditions- 

The volume of air required per minute to 
raise a given volume of water in the same length 
of time, may be found by means of the formula: 

LC 



Cubic feet of air= 



16.824 



in which L equals the lift in feet above the sur* 
face of water; C, the number of cubic feet of 
water to be raised per minute. 

Transposing the symbols in the foregoing 
formxila, we have for the capacity of the air-lift 
expressed in cubic feet per minute: 

^^, ^ ^ 16,824 A 

Cable feet of waters = i 

h 

and for the lift corresponding to a given dis- 
charge and the approximate volume of air^ we 
have: 

16.824 A 
Lift in feet= — ^ — , 

in which A equals the number of cubic feet of 
free air per minute. 

The efficiency of the air-lift, as previously 
stated, varies with the ratio of depth of sub- 
mersion to total lift, the efficiency generally in- 
creasing with increased submersion up to ap- 
proximately eighty-five per cent of the total lift, 
while the efficiency decreases slowly below 
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sixty-five por cent until the submersion reaches 
about liftj'-fivi? per cent of the total lift. 




Fig. ]S&. Double Alr-Llft Pump 
to Bats« Wfttec to OroAt 




Tig. lEQ. ZTninbor of 
Btoit TJfU Con- 



The capacity in cubic feet per minute for 
varying depths of submersion beyond theae 
limits may be found by means of the formula: 



8.34 AD 
Cubic fcet^ — ^-s — i 
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in which D equals the depth of the submeraion 
in feet. 

It is not practicable, under ordinary condi- 
tions, to attempt to raise water by means of the 
air-lift to heights exceeding 180 to 200 feet above 
the lowest water level; nor to attempt to carry 
the discharge pipe horizontally to a greater dis- 
tance than 700 or 800 feet. When greater hori- 
zontal distances must he covered by the dis- 
charge, it is better to carry the pipe on an in- 
cline from the well or reservoir to the point of 
discharge. 

When it becomes necessary to raise water to 
heights exceeding, say, 175 or 180 feet above the 
level of the well or reservoir, it will be found 
more economical, all things considered, to put in 
a second lift pump something on the plan of Fig, 
125. And where the air-lift ie to be employed 
in shallow reservoirs or shafts, a number of short 
lifts arranged in a manner similar to that shown 
in Fig, 126 may be employed. In the latter case^ 
each lift should be correctly proportioned with 
reference to submersion and the lift above the 
water level. 
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